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1. HEJIM U 3AJIAYU JUCIHHUTIJINHBI
Heaun ocBoOeHNS AUCHUNIIMHBI (MOAYJISA):

[Tprobperenue npodeccuoHaNbHbIX 3HAHUM B 00JIACTH aHATUTHUYECKON XUMUU

3amaun:

1. 3y4eHne TeOpETHIECKIX OCHOB aHAIMTUIECKOW XUMHUH (CYIIECTBA PEaKIUN U
MIPOIIECCOB);

2. OBnajiecHHe OCHOBHBIMHU METOJAMH U TPHEMaMU Ka4E€CTBEHHOT'O U KOJIMYECTBEHHOTO
aHaIN3a;

3. OBnajeHre METOJOJIOTHEH BRIOOpA METO/Ia AaHATTN3a U HAMPABJICHUE UX IIPUMEHEHUS

2. MECTO JUCHUIIJINHBI B CTPYKTYPE OOII
Hukn (paznen) OIl: B1.0O

TpeGoBanus k npeaBapuTeIbHOI MOATOTOBKE 00y4al0IIerocs:

dusnka

MaremaTuka

Pycckuii s13bIK U Ky/lbTypa peuu
Heoprannueckas xumus

JAucuunarHbl (MOAYJIH) M MPAKTHKH, VISl KOTOPbIX OCBOCHUE JAHHOM M CIUIINHbBI
(MoayJisi) He00X0AMMO KaK MpeanecTByIOLIee:

OpFaHI/ILICCKaSI XUMMUA

duznyeckas XUMHUs
3. OFBEM JUCHHUIIVIMHbI

O61asi TPYA0EMKOCTh 18 3ET
Yacos 110 yueOHOMY IUIaHYy 648
B TOM 4HCJIe:

ayJIMTOPHBIC 3AHITHUS 368
CaMOCTOsITENIbHAsT padoTa 46
4acOB Ha KOHTPOJIb 54

4. INTAHUPYEMBIE PE3YJIBTATbBI OBYUYEHMUS 110 JUCHUIIJINHE,
COOTHECEHHBIE C INTAHUPYEMbBIMHU PE3YJIBTATAMU OCBOEHUA
OBPA3OBATEJIbHOM ITPOT'PAMMBI

OIIK-1.2: ITpennaraeT HHTEPIPETAIIUIO PE3YIHTATOB COOCTBEHHBIX IKCIIEPUMEHTOB U
PacYETHO-TEOPETUUECKUX PA0OT C UCIIOIH30BAHUEM TEOPETUUECKUX OCHOB TPAIUIIMOHHBIX U
HOBBIX Pa3/IeNIOB XUMHUHU

OIIK-2.1: PaboTaeT ¢ XUMHUYECKHMH BEIIECTBAMU C COOJIIOJIEHUEM HOPM TEXHUKU
0e30macHOCTH

OIIK-2.3: [IpoBoAMT cTaHAAPTHBIE ONEPALUH JIJIsl ONIPEIETCHHS] XUMUYECKOT0 U (ha30BOTO
COCTaBa BEUIECTB U MaTEPUAIIOB HA UX OCHOBE

OIIK-6.1: IIpencrasisieT pe3ynbTaThl padOTHI B BUJE OTUYETA IO CTAHIApTHON opme Ha
PYCCKOM SI3bIKE

5. BUJAbI KOHTPOJIA

Bunsl koHTpONII B cemecTpax:

9K3aMEHBI 3,4
KypCOBbIE pabOThI 4




6. SI3BIK IIPEIIOJIABAHUA
SI3BIK mpenogaBaHus: pyCCKU.

7. CTPYKTYPA U COAEPKAHUE JUCIUIIJIMHBI (MOAY JIS)

Kon HaumeHoBaHue pa3jiesioB u Bun Cemectp | HacoB | Ucrtou- | [Ipumeuan-
3aHAT. TeM 3anaTus | / Kypce HUKHU ue

Pa3nen 1. Beenenue B
AHATUTHYECKYIO XUMUIO.
TeopeTrnyeckre OCHOBBI

1.1 |BBeneHue B aHATUTHYECKYIO Jlex 3 4 J1.3

XuUMHI0. TeopeTuuecKkue OCHOBBI 21
1.2 | BBeneHue B aHaTUTUYECKYIO JIa0 3 12

xumuio. TeopeTnueckre 0CHOBBI 91
1.3 | BBeneHue B aHaTUTUYECKYIO Cp 3 4

xumuro. TeopeTnueckre OCHOBBI 91

Pasnen 2. KuciioTHO-OCHOBHBIE
paBHoBecus. Pacuer pH B
TOMOI'CHHBIX CUCTEMaXxX

2.1 | KuciaoTHO-OCHOBHEIE Jlex 3 6 JI1.1
paBHoBecus. Pacuer pH B 21
TOMOI'€HHBIX CHCTEMaX

2.2 | KuciaoTHO-OCHOBHEIE JIab 3 20
paBHoBecus. Pacuer pH B 21
TOMOI'€HHBIX CHCTEMaX

2.3 | KucinorHo-OCHOBHBIE Cp 3 4
paBHoBecus. Pacuer pH B 91

TOMOI'€HHbIX CUCTEMAX

Paznen 3. Peakiuu
KOMIUIEKCO0Opa3oBaHus

3.1 [Peakmum Jlek 3 4 JI1.3
KOMIIJIEKCOOOpa30BaHus o1

3.2 |Peaknuu JIab 3 20
KOMILJIEKCOOOPa30BaHuUs 21

Pasnen 4. OkucIuTENEHO-
BOCCTAHOBUTEJIbHBIE PEAKIINU

4.1 | OKUCIHTEILHO- Jlex 3 4 JI1.3
BOCCTAHOBUTEJIbHBIE PEAKIINH 21

4.2 | OKUCIUTEILHO- JIab 3 20
BOCCTaHOBUTEJIbHBIC PEAKIIUU 21

Paznen 5. ITpoueccel ocaxaeHus
M COOCAXKIEHHUS

5.1 [IIpoueccsl ocaxkaeHus u Jlex 3 3 JI1.3
COOCaXICHUS 21

5.2 [IIpoueccsl ocaxxaeHus 1 Jlab 3 16
COOCaX/ICHUS 31

5.3 [IIpoueccsl ocaxkaeHus u Cp 3 3
COOCaX/ICHUS 31

Pasznen 6. MeToip! BEIJIEICHNUS,
pasneneHus u
KOHIIEHTPUPOBAHUS




6.1 | MeToasl BeIAEIEHUS, Pa3ICTICHUS Jlek 3 JI1.3]J12.4
Y KOHLICHTPUPOBAHUS o1
6.2 | Meroapbl BblACIEHUS, pa3eICHUs Jlab 10
Y KOHLICHTPUPOBAHHUS 21
6.3 | MeToabl BbIAEICHUS, Pa3ICICHUS Cp 4
Y KOHLIEHTPUPOBAHUS 21
Paznen 7. Xpomarorpaduueckue
METO/Ibl aHAJIN3A
7.1 | Xpomarorpaduueckue METOabI Jlex 3 JI1.10J12.
aHanusa 1
21
7.2 | XpomarorpahudecKkue MeTOIbI Jla6 20
aHanusa 21
7.3 | XpomaTorpadudeckue MeTO bl Cp 4
aHaiM3a 21
Paznen 8. I'paBumeTpudeckue
METO/Ibl aHATTN3A
8.1 |I'paBuMeTpHUECKHE METObI Jlex 4 JI1.3J12.5
aHaiu3a 21
8.2 |I'paBuMeTpHUECKHE METObI JIab 8 J1.4
aHaiu3a 21
8.3 |I'paBUMETpUYECKHE METOIbI Cp 10
aHaiM3a 21
Paznen 9. Turpumerpuueckue
METO/Ibl aHAJIN3A
9.1 | Turpumerpuyeckue MeTO bl Jlex 3 J1.3
aHaiu3a 21
9.2 | TurpumeTrprudecKue METObI Jlab 10 JI1.8
aHaiamn3a o1
9.3 | Turpumerpudeckue MeTO bl Cp 8
aHaiusa o1
Paznen 10. Koatponn
10.1 |Kontpoius OK3ameH 27
21
Paznen 11. KucnotHo-ocHOBHOE
TUTPOBAHUE
11.1 | KucnoTtHO-0CHOBHOE TUTPOBaHUE Jlex 4 JI1.3J12.5
21
11.2 | KucnoTrHo-0CHOBHOE TUTPOBaHUE Jlab 30 JI1.8
21
11.3 | KucnotHo-oCHOBHOE TUTPOBAaHUE Cp 3
21
Pa3nen 12. OxucnurenbHO-
BOCCTaHOBUTEJIbHOE TUTPOBAHUE
12.1 | OKucAUTENbHO- Jlex 2 JI1.2J12.3
BOCCTaHOBUTEJIBHOE TUTPOBAHNE o1
12.2 | OxucnurenabHO- Jlab 18
BOCCTaHOBUTEJIbHOE TUTPOBAHNE 21




Paznen 13.
Kommiekconomerpuieckoe
TUTPOBAHUE

13.1 |KoMmmiekcoHOMETpUIECKOe Jlex 2 JI1.3J12.5
TUTPOBAHUE 21
13.2 | KoMIieKCOHOMETpUUECKOE JIab 16 JI1.8
TUTPOBaHUE 21
Paznen 14. OcapurensHoe
TUTPOBAHUE
14.1 |OcagurtenbHOE TUTPOBAHUE Jlex 2 JI1.3J12.3
J12.5
21
14.2 |OcanutenpHOE TUTPOBAHHE Jlab 16
21
Pa3nen 15. ®u3uko-xuMHUYeCKUe
METO/Ibl aHATTN3A
15.1 |Puzuko-xuMuyeCKue METOIbI Jlex 2 JI1.5
aHanuza JI1.6J12.2
21
15.2 | PuU3nKo-XxUMHAYECKUE METOIBI Cp 2 JI1.5 JI1.6
aHanuza 21
Paznen 16. CnekTpockonuyeckue
METO/Ibl aHATTN3A
16.1 | CnekTpOoCKONMYECKUE METOIbI JIek 3 JI1.5 JI1.6
aHanuza 21
16.2 | CnexkTpocKOnUYecKrue METO b Jla6 50 JI1.9J12.2
aHamza 21
16.3 | CnexTpoCcKONU4YecKre METOIbI Cp 2
aHajam3a 21
Paznen 17. Dnekrpoxumuyeckue
METO/Ibl aHAJIN3a
17.1 | ONEeKTpOXUMHUYECKHUE METOIBI Jlex 3 J1.5
aHanmza JI1.6J12.2
21
17.2 | DneKTpOXUMHUYECKUE METO/IbI Jlab 50 | JI1.7J12.2
aHajam3a 21
17.3 | DNeKTpOXUMHUYECKHE METOIBI Cp 2
aHann3a 21
Paznen 18. KonTposb
18.1 |Kontposb DK3aMeH 27
21
Cnucok 06pa3oBaTe/IbHbIX TEXHOJIOT il
1 |[IIpoekTHast TEXHOJIOTUS

JlMckyccuoHHbIE TeXHONOoruu ((popym, cumMmnosnym, 1edatbl, akBapuyMHast JUCKYCCHS,

naHeNIbHast JUCKYCCHsL, KPYTJIbIA CTOJ, (hacCHIIMTUPOBAHHAS U T.].)




3 |Wndopmarnmonnasie (1udpoBbIe) TEXHOIOTHH

4 | TexHomoruu pa3BUTHUS KPUTUYECKOTO MBIIIJICHUS

8. OHEHOYHBIE MATEPHUAJIbBL /51 IIPOBEJEHUA TEKYIIEA U
IMPOMEXYTOYHOU ATTECTALLUU

8.1. OIIeHO‘lHLIe MaTepuaJbl 1JId IIPOBECACHUA Telcymei/i arrecranuu

OHGHO‘IHBIG MaTC€pHralibl 1JI ITPOBEACHUA TeKymeﬁ aTTeCTaluy NPUBCACHEI B IIPUIIOKCHUN

8.2. OneHo4HbIe MaTEePHUAJIbI IJIsl IPOBEIEHUS IPOMEKYTOYHOM aTTECTALMHU

OneHouHble MaTepUabl )i IPOBEACHUS IPOMEXYTOUHONW aTTECTALIUY [TPUBE/ICHBI B
MIPWIOKEHUH 2.
8.3. TpeboBaHUs K PETHHI-KOHTPOJIIO

TpeboBaHMs K pEHTUHT-KOHTPOJIIIO PUBEACHBI B IPUIIOKECHUH 2

9. YYEBHO-METOJUYECKOE U UH®OPMAILIMOHHOE OBECHEYEHUE
JUCLUILIMHBI (MOLYJIS)

9.1. PexoMeHnayemas Jureparypa

9.1.1. OcHoBHas JUTEpaTypa

Tudp Jlureparypa

JI1.1 | bopucos, TuxomupoBa, AHATUTHYECKA XUMHUS JIJIS TieAaroros. Pacuersl B
KoJInuecTBeHHOM aHanu3e, Mocksa: FOpaiit, 2021, ISBN: 978-5-534-09281-3,
URL: https://urait.ru/bcode/469598

JI1.10 |ITamkosa E. B., Bonocosa E. B., [llunyns A. H., besruna 1O. A., ['nazynosa H. H.,
Xpomarorpadudeckue MeTosl ananuza, Ctasponons: CTI'AY, 2017, ISBN:
URL: https://e.lanbook.com/book/107233

JI1.2 |TlonkopwitoB, Heynaunna, llITuH, Ananutrndeckas xumusi. OKUCIUTEIBHO-
BOCCTaHOBUTEIBHOE TUTpOBaHue, Mockaa: FOpaiit, 2021, ISBN: 978-5-9916-9944-0,
URL: https://urait.ru/bcode/472234

JI1.3 | Anapues, Jlynenko, AnekcanapoBa, KazakoBa, Ananutnueckas xumusi, Mocksa: FOpaiir,
2021, ISBN: 978-5-534-07837-4,
URL: https://urait.ru/bcode/472049

JI1.4 |bapanosa, Pscenckuii, MeodanoBa, KonnuectBeHHbli aHanu3. Meroa
IrpaBUMETPUYECKOro aHanu3a, TBepb: TBepcKoi rocynapcTBeHHbIH yHUBEpCUTeT, 2011,
ISBN:,

URL: http://texts.lib.tversu.ru/texts/10001890ogl.pdf

JI1.5 | Anos, Bacunenko, ['onpamrpax, Uenko, AHanuTrudeckass XuMusi U1 GU3NKO-XUMHIECKUE
MeToJIbl aHanu3a, Mocksa: Akanemus, 2012, ISBN: 978-5-7695-9146-4 (1. 2),
URL: http://texts.lib.tversu.ru/texts/9940020gl.pdf

JI1.6 |I'myGoxkos, ['onoBaueBa, E¢pumona, Umenko, AHanmuTraeckas XumMus U GU3NKO-
XUMHUYECKHE METOAbI aHanu3a, Mocksa: Axanemus, 2012, ISBN: 978-5-7695-9144-0 (t.

1),
URL: http://texts.lib.tversu.ru/texts/994027ogl.pdf

JI1.7 |Myxunosa 3. l11., AnanuTu4eckas XuMus U (GU3UKO-XUMHUIECKHUE METO/IbI aHATH3A.
Jlabopatopusie 3ausatusi, Cankt-IlerepOypr: Jlans, 2024, ISBN: 978-5-507-48303-7,
URL: https://e.lanbook.com/book/380579

JI1.8 |Bonocosa E. B., Illunyns A. H., [Tamkosa E. B., besruna 0. A., I'nmazynosa H. H.,
AnanuTtHueckas Xumus: 1adbopaToparopHslii mpaktukyM, CtaBponons: CTI'AY, 2022,
ISBN:,

URL: https://e.Jlanbook.com/book/323417




J1.9

Bacunwea B. U., CtosHoBa O. @., llIkyruna . B., Kapnos C. U., CriekTpaibHbIe
MeToAab! aHanu3a. [Ipaktudyeckoe pykoBoactBo, Cankr-IlerepOypr: Jlanp, 2022, ISBN: 978
-5-8114-1638-7,

URL: https://e.Janbook.com/book/211631

9.1.2. JlonoJiHMTEILHAS JIUTEPATypa

Hudp

Jlureparypa

J2.1

AunekcanipoBa, ['aliqykoBa, AHanuTuyeckas xuMus B 2 kaurax. Kaura 1. Xumnueckue
MeTo/ibl aHanu3a, Mockaa: FOpaiit, 2020, ISBN: 978-5-534-09354-4,
URL: https://urait.ru/bcode/450432

J2.2

Huxutuna, bopruco, XaxannHa, AHaTUTHYECKAs XUMUS U (PU3UKO-XUMUICCKHAE METO/IbI
ananuza, Mocksa: FOpaiit, 2020, ISBN: 978-5-534-00427-4,
URL.: https://urait.ru/bcode/449690

J2.3

I'pebe, [TanTenees B. I1., [IpakTuueckoe pyKOBOJICTBO K KOJMYECTBEHHOMY aHAIH3Y,
Mocksa: 1. H. Xomues u K, 1906, ISBN: ,
URL: http://texts.lib.tversu.ru/texts/1532550gl.pdf

2.4

l'aneeB A. A., 3enkesuu U. I'., Kaprosa JI. A., Mocksun JI. H., Poqunkos O. B., [1ox p.
1., AHaTUTHYeCKas XUMUs. MeToIbI pa3/ieICHUs BEIECTB U THOPUIHBIC METO Bl aHAIIN3A,
Cankr-IlerepOypr: Jlans, 2022, ISBN: 978-5-8114-9137-7,

URL: https://e.lanbook.com/book/187643

J2.5

Hpaitoman I'. H., Xandwuna I1. /1., bynrakosa O. H., iBanosa H. B., Pemenue 3anau no
ananutuueckor xumun, Kemeposo: KemI'Y, 2015, ISBN: 978-5-8353-1821-6,
URL: http://e.lanbook.com/books/element.php?pll 1d=69992

9.2.

Ilepeuenb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKANIMOHHOM ceTn ""UnTepHet"

Ol

eLIBRARY.RU : Hayunas snekTpoHHast OubaroTeka : caift. - Mocksa, 2000. - URL:
https://elibrary.ru (nata obpamenus: 09.07.2019). - Pexxum gocryna: uis  3aperucTpup.
nojb3oBaresel. - TekcT: anekTponHsl: http://elibrary.ru/

9.3.1 Ilepeyenb NPOrpaMMHOI0 odecneyeHus

Google Chrome

Kaspersky Endpoint Security 10 qyis Windows

OpenOffice

1
2
3
4

WinDjView

Foxit Reader

5
9.3.2 CoBpemeHHbIe IpodeccHOHATbHBIE 0a3bI TAHHBIX U HH(POPMAIIMOHHBIE CTIPABOYHbIE

CHCTEeMBbI
1 OBC «Jlanb»
2 OBbC «YHuBepcuterckas OUOIHOTEKA OHIIANHY
3 9bC BOOK.ru
4 ObC TBI'Y
5 Hayunas snextponnas 6ubnuoreka eLIBRARY.RU (noanucka Ha sxypHasb)
6 Penozurapuii TBI'Y

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJIMHBI (MO Y JIS)

AyauT-1 Oob6opynoBanue




3-314 KOMIUICKT Y4eOHOU MeOesn, MEPEeHOCHON HOYTOYK, MPOEKTOPHI, IKPaH, MBIIIb,
YCUJIMTENb, PAJMOCUCTEMA, MUKIIIEP, MUKPO(OH, 1IKad

3-404  [xomIieKT yueOHOH MeOelu, IepeHOCHON HOYTOYK, IPOEKTOP, aKBaAUCTUILISATOD,
Bechl, UK Dypre ciekrpomeTp, koMmnbiotep, potokoropumerp KOK-2, sanexkrponeun

11. METOAWYECKHWUE MATEPHUAJIBI U151 OBYYAIOIIMXCS ITO OCBOEHMIO
TACIATLITAHBI

MeTtonudeckue MaTepralibl U yKa3aHus IPUBEACHBI B IPUIIOKEHUH 1.

INPUJIO’KEHMUE 1

8. METOIUYECKHE YKA3ZAHUS JJIS OBYYAIOIIUXCA 11O OCBOEHUIO JUCHUITJIMHBI (MO Y JIs)

IlepeyeHb yueOHO-MeTOAUYECKOT0 00eceYeHHUs JIs1 CAMOCTOATEIbHOI padoThl 00y4aloMXCS M0 AUCHUNIHHE

1. Tlporpamma asisi CAaMOKOHTPOJISI U KOHTPOJIS MpeTojaBaTesieM pe3yabTaTUBHOCTH U3yUeHUs JUCIIUTIIINHBI.
2. TlpumepHas TeMaTHKa MO BBITOJHCHUIO KYPCOBBIX PabOT
3. Meronuueckue MaTepualbl IS OATOTOBKU K SK3aMEHY.

1. IlporpamMma AJ1s1 CAMOKOHTPOJISI H KOHTPOJIS MPenoAaBaTeeM pe3yJbTaATHBHOCTH H3yYeHHs JUCIHUILTHHBI
Ipoepammul KOAIOKEUYMOS.

1 KOJLUIOK6UYM. Pasnosecue 6 comoeennvix cucmemax. Kucrommno-ocnosnoe paernoesecue. Kucnomno-ocnosnoe
mumpoeanue.

KoncraHThI PpaBHOBECHA peaxuni& H TPOIECCCOB. HonHoe cocTosiHuE BCIICCTBA B HMACAJIBHBIX W PCaJIbHBIX
cucremax. CTpykTypa pacTBoputeinei u pacrsopa. CosbBaTtanus, HOHU3aLus, Aucconuanys. [loBeneHue 31eKTpOIUTOB
U HEIEKTPOJIUTOB B pacTBopax. Teopus [lebas-Xrokkems. TepmonnHamiyeckass KOHCTaHTa PaBHOBECHS. AKTHBHOCTD U
ko3(dunreHT akTUBHOCTH. KOHIEHTpanuMoHHbIE KOHCTaHThl. OOmIas W paBHOBECHAsh KOHLEHTpaUMs. Y CIOBHbIE
KOHCTAHTBI.

KucnorHo-ocHOBHOE paBHOBecue. CoBpeMEHHBIE MPEACTABICHUS O KUCIOTaX U OCHOBaHMAX. Teopus JIbrounca.
Teopus bpencrena-Jloypu. PaBHoBecue B cucTeMe KHCIOTa — CONPSXKEHHOE OCHOBaHHME — pacTBOpUTENb. KOHCTaHTHI
KHCJIOTHOCTH U OCHOBHOCTH. KuCIIOTHBEIE U OCHOBHBIE CBOICTBa pacTBopuTeneil. KoHcTanTa aBTonpoTonusa. BiausHue
NIPUPOJIBI  PACTBOPHUTENS Ha CHIY KHCIOTHI M OcHOBaHWMA. Husenmpyrommit u aupdepeHuupyrommii 3hheKTs
pacTBOpHUTENS.

KucnotHO-0CHOBHOE paBHOBecHE B MHOTOKOMIIOHEHTHBIX cHCTeMax. bydepHsle pacTBOpHI M HMX CBOWCTBa.
Bydepnas émxocts. Beruucnenne pH pacTBOpoB OJHO- U MHOTOOCHOBHBIX KHCJIOT M OCHOBAaHHUH, cMecei KHCIOT U
ocHOBaHMHU. ['padmueckoe ommcaHHe KHCIOTHO-OCHOBHOTO PaBHOBECHS (pacHpeaeiuTeNbHbIe M KOHIIEHTPAIMOHHO-
sorapu(pMUYECKUe JrUarpaMMbl).

Turpumerpuueckue Meronnl. Kinaccudukanus. TpeGoBaHus, IpeIbIBIsieMble K PEAKIMUA B TATPUMETPUIECKOM
ananuse. [Ipsamoe, o6paTHOE U KOCBEHHOE THTpOBaHHE. CIIOCOOR! BRIPAYKEHNS KOHIIEHTPAIUH PaCTBOPOB B THTPUMETPHH.
OxBuBalieHT. MossipHasi Macca SKBHBaJIeHTa. [lepBUYHbIE CTaHIApTHBIE PAacTBOPHI, TpeOOBaHMS K HUM. DHUKCaHAIBI.
Bropuunble cranmapTHele pacTBOpbl. Buabl kpuBbIx TUTpoBaHHs. Ckadok TUTpoBaHMA. TOYKa KBHBAJEHTHOCTH U
KOHEYHasi TOUKa TUTPOBAHMUS.

KucnotHo-ocHOBHOE _TuTpoBaHue. IlocTpoeHHME KpHUBBIX TUTPOBAHUS. BiMsHUE BENUYMHBI KOHCTAaHT
KHCJIOTHOCTH WJIM OCHOBHOCTH, KOHIIEHTPAI[UK KUCJIOT WM OCHOBaHUI, TEMIIEPATyphl Ha XapaKTep KPUBBIX TUTPOBAHUSI.
KucnoTHO-0CHOBHOE TUTPOBAHUE B HEBOJHBIX cpefax. KUCIOTHO-OCHOBHBIE MHAMKATOPHI. IlOorpemHocT TUTpOBaHUS
Ipu ONIPEACIICHUN CUJIBHBIX 1 CJ1a0BIX KUCIIOT U OCHOBaHHﬁ, MHOTOOCHOBHBIX KHCJIOT 1 OCHOBAaHUM.

HpaKTI/I'-IeCKOC IMPUMCHCHHUC. HepBI/I‘{HHC CTaHAAPTHBIC PACTBOPEI 1A YCTAHOBJICHUA KOHICHTPAIIMU paCTBOPOB
KHUCJIOT U OCHOBaHui. I[IpuroroBieHue u craHIapTU3allds PACTBOPOB COJIIHOM KHUCJIOTHI M THUAPOKCUIA HATPUSL.
TuTpoBaHue KUCIIOT, OCHOBaHWH, CMeCel KUCIIOT U CMeceil OCHOBaHWH. AHaJIN3 cMecel kapOboHaTa U rujpokapboHaTa
HaTpwsi, kKapOoHata u Tuapokcuna Hatpus. Onpenenenue azora Mo Meroay Keenbaans u coyiell aMMOHUSI TIPSIMBIM U
KOCBCHHBIM METOAaMMU. OHpG}IGJ’IeHI/IC HUTPATOB U HUTPUTOB.

Il xonnoksuym.  PasHogecuss — peakyuil — KOMNJIEKCOOOPA308aHusi U OKUCAEHUS-BOCCMAHOGIEHUSL.
Komnnexconomempuueckoe u OKUCIUMENTbHO-80CCMAHOBUMENIbHOE MUMPOBAHIUE.

Kommuiekcoobpa3opanue. OCHOBHBIC IPH3HAKH KOMIUICKCHBIX COCTUHEHHH. KoopaWHAIMOHHOE YHCIIO.
HenratHocth. Kiaccupukanuss KOMIUIEKCHBIX COCAMHCHHH IO XapaKTepy B3aMMOJCHCTBHUS METAIUI-TUTaHMd, 10
OJTHOPOJHOCTH JIMTaHJa U KOMIDIEKCOOOpa3zoBaTeis: BHyTpHc(hepHble W BHENIHeC(EpHEBIC, OJHOPOJHOIUTAHIHBIC H
CMEIIaHHOIHUTaHHBIC, IO IEPHBIC KOMILIEKCHI. XeIaThl, BHYTPUKOMIUIEKCHBIE coenHeHnsI. CBOWCTBA KOMIUIEKCHBIX
COCTMHEHHUH, MMEIOINE aHAIUTHIECKOE 3HAYCHNE: YCTONYNBOCTh, pPACTBOPUMOCTB, OKPACKa, JICTY4IeCTh.




Crymendatoe  KoMmImiekcooOpa3oBaHme. KoONWYeCTBEHHBIE  XapaKTEPUCTHKH  peakmuid  00pa3oBaHUA
KOMITIEKCHBIX COCTUHEHHI: KOHCTAHTBI YCTOWYMBOCTH (CTyIEHYAThle M OO0IIMe), QYHKIMSI M CTEIeHb 00pa3oBaHUS.
CKOpOCTh peakIuii KoMIiekcooopazoBanus. PakTOPkI, BIUSIONINE HA YCTOHIMBOCTh KOMIUIEKCOB. XeNaTHBIN 3 (eKT.

Oprannyeckre pearcHTbl. DYHKIIMOHAIBHO-aHATUTUYCCKAC TPYIMIbL. BIUSHHE CTPYKTYPBI OpPTraHUYECKUX
pearcHTOB Ha UX CBOiicTBa. Poyib pa3nuyHbIX (DYHKIMOHAIBHBIX Tpynm. Teopus aHAIOTHi B3aMMOJCHUCTBHUS HOHOB
METAJUIOB ¢ HCOPTraHWYCCKUMU M OPTaHUYCCKUMHU peareHTaMu. BakHeilne opraHnvyecKrue pearcHThbl, IPUMCHSIEMBIC B
aHasmse.

AHAUTHYECKU BaKHBIC CBOWCTBA KOMIUICKCHBIX COCTUHCHUMN. BinsHIEe KOMIUIEKCOOOpa30BaHUs Ha KUCIOTHO-
OCHOBHBIC M OKHCIIUTEIHFHO-BOCCTAHOBUTEIHHBIC CBONCTBA COCIUHCHUMN, PACTBOPUMOCTh, CTAOWMJIM3AIUIO0 PAa3IMIHBIX
CTeTIeHEel OKHCIICHUS DIIEMEHTOB. BO3MOXKHOCTH HMCIIONB30BaHUS KOMIUIEKCHBIX COCAMHEHUHA B Pa3IMYHBIX METOIaX
aHamm3a.

OKHCIINTENFHO-BOCCTAHOBUTEIBHBIE PEAKINU. DIEKTPOAHBIA MOTeHIIHan. Y paBHeHne Heprera. CtaHmapTHBIH
1 (opMaNBHBIN MOTCHIHANBL. BIISTHAE 3JEKTPOCTATHYSCKUX W XUMHUECKUX B3aWMOJICHCTBUI Ha MOTEHIMAT: HOHHOW
cunbel, pH, o0pa3oBaHMs KOMIUIEKCHBIX W MaJOPAacTBOPHMEIX coeqWHEHUH. KOHCTaHTHI paBHOBECHS W HAIpaBJICHUE
OKHCITUTEIIFHO-BOCCTAHOBUTEIBHOTO  Mporiecca.  DakToppl, BIMAONIAE HAa  HANPaBICHHE  OKHUCIHUTEIBHO-
BOCCTaHOBHTENLHBIX peakiuii. [IoHaTHE 0 cMelaHHOM MOoTeHIHane. MeXaHU3Mbl OKUCIUTEIFHO-BOCCTAHOBUTEIBHBIX
peaximii. OCHOBHBIC OKHUCIUTEIN U BOCCTAHOBUTEIH, IPUMCHICMEIC B aHAITU3E.

Komnniekcomerpudeckoe TUTpoBaHue. HeopraHuueckue W OpraHMYECKHE THUTPAHTHI B KOMIUICKCOMETPHUH.
Hcnonp30BaHHEe aMHHOMONUKAPOOHOBBIX KHCIOT B KOMIUICKCOHOMETpUH. IlOCTpOCHHME KPHUBBIX THTPOBAHHS.
MeTamtoXpoOMHBIC HHIMKATOPHI U TPEOOBaHMUS, IPEAbABIsICMbIC K HUM. BakHeiIie yHUBEpCaIbHbIC U CIICIU(UICCKUC
METaJUIOXPOMHBIE HHAWKATOpPHL. [IpsiMoe, oOpaTHOE, BBITECHUTENBFHOE M KOCBEHHOE THUTpoBaHHE. CelleKTUBHOCTH
TUTPOBAHHUS U CITOCOOBI €€ TOBHIMICHUS. [[0TpeITHOCTh TUTPOBAHHS.

IIpakTryeckoe npumenenue. OmnpenencHe KaabIus, MarHus, jKele3a, allOMIHIA, MEIH, IIMHKAa B PacTBOpax
YHCTBIX COJICH W IIPU COBMECTHOM IIpHUCYTCTBUH. OTpeie]icHre aHHOHOB.

OKHCIUTENFHO-BOCCTAHOBUTENIFHOE THTpoBaHMe. [locTpoeHne KpuBBIX TUTpoBaHUA. DaKTOpHI, BIMAIONINE Ha
XapakTep KPHUBBIX THTPOBAHHA: KOHIICHTpAIMs HOHOB BOJOPOIa, KOMIDIEKCOOOpa3oBaHHWE, MOHHAs cmia. CIocoObI
OIpe/iesieHUs] KOHEUYHOM TOouku TUTpoBaHus. WMHnukaTopsl. IlorpemHocts TuUTpoBaHUSA. MeTOIbl OKHUCIHUTENIBHO-
BOCCTAaHOBHUTCJILHOTO TUTPOBAHMA.

[Tepmanranatomerpus. Onpenenenue xkenesa (1), mapranua (II), okcanaros, mepoxkcuaa BOAOPOa, HUTPUTOB.

Homometpuss u uogumerpus. CucreMa HOI-MOAMJ KaK OKUCIUTEIb WM BOCCTAHOBUTENb. OmpecncHue
apcenutoB, apceHatoB, xene3a (II), meau (II), ramoreHUA-MOHOB, MEPOKCHUIIOB, KUCIOT. OmpejaeneHue BOABI U
(YHKIMOHAIBHBIX TPYII OPraHUYECKUX COEITUHEHHH.

Buxpomaromerpus. Onpenenenue xenesa (II), ypana (IV).

Bpomaromerpusi, mepuMeTpus, BaHAOATOMETPHS, TUTAHOMETPHs, XpoMoMeTpus. [lepBHYHBIE M BTOPHUYHEIC
cra"gapThl. MaaukaTopsl. OnpenencHine HeOpraHMIeCKIX H OPTaHHIeCKUX COCTUHCHUH.

CKOpOCTh peakiuid B XHMHYECKOM aHajm3e. BBICTphle M MeUIeHHBIe peakiud. DakTopbl, BIHSIONUEC Ha
CKOpoCTh peaknuid. KaTamu3zaTopsl, HHTHOUTOPHI. ABTOKATAIMTHYECKHE peakiuu. VHAYIMPOBaHHBIE U CONPSIKEHHBIC
peakmn.. UaaykiuoHHbH (akrop. [IprMepsl yCKOpeHHS W 3aMENJICHHS pPEakIUii U IPOIECCOB, HCIONB3YEMBIX B
XUMHYCCKOM aHAJIH3E.

111 konnokeuym. Pasnosecue 6 cucmeme ocadok — pacmeop. I pasumempuueckuii memood. Memoowt pazoenenus
U KOHYEHMPUPOBAHUA: 0CAHCOEHUEe U IKCMPAKYUSL.

PaBHOBecue B cucTeMe ocafiok — pacTtBop. IlpomsBeneHue pacTBOpUMOCTH. IIpaBmiio mpoM3BeACHUS
pactBopuMocTH. PacTBopuMOcTh. DakTOpPEI, BIUSIONIAE HA PACTBOPUMOCTE: TEMIIEpaTypa, HOHHAS CUJIa, OTHOMMEHHBIN
HOH, KOHKYPHPYIOIINE PEaKIUH, CTPYKTYpa U pa3Mep YacTHII.

I'paBumerprueckuit  Meton. CyIIHOCTh TPaBUMETPHUYSCKOTO aHANM3a, IPEHMYIISCTBA W HEIOCTATKH.
TpeboBaHuUs K Oca’kaaeMoii i TpaBUMeTprudeckoit popmam. ObpazoBanue ocaka. OOpa3oBaHUE U CBOWCTBA KOJIOHIHBIX
gactun. Kpucrammmdeckue u aMop(HBIE OCalkd. 3aBHCUMOCTh CTPYKTYpPHI OCajKa OT €r0 MHIWBHIYalbHBIX CBOMCTB
(pacTBOPHMOCTH, TMOJSAPHOCTH MOJIEKYN) W YCIOBHH OCa)XIeHUS (KOHICHTPAIIMH OCAXKIAeMOTO HOHA U OCaTuTe,
COJIEBOTO cOCTaBa pacTBopa u pH, Temmeparypsr). 3aBUCUMOCTH (DOPMBI OCa/IKa OT CKOPOCTH 00pa30BaHUs MEPBUIHBIX
YaCTHILl, UX POCTA. YCIOBUS MOJYYEHHS KPUCTAJUIMUECKUX U aMOpP(HBIX ocaakoB. ['oMoreHHoe ocaxjenue. CrapeHnue
ocamka. IlpuumHBI 3arps3HEHHs oOcagka (COBMECTHOE OCaXKICHHWE, COOCAXACHHE, IIOCIeAYIOIee OCaXICHHE).
Knaccugukarus pa3nuaHeIX BUAOB COOCAXICHNA (aACOpOIHs, OKKIIIO3UsA, n30Mopdu3M U ap.). CocoOsl yMEHBIICHUS
coocaxxaeHus. [lomoXKUTEeNTpHOE W OTpPHIATENFHOE 3HAUSHHS SIBJICHHS COOCaXIeHWs B aHanmmse. IlorpemmHoctn B
TpaBUMETPHYECKOM aHau3e. VI3MeHeHHs cocTaBa 0CcaKa IIPH BBHICYIIMBAHUH U POKATNBAHHH.

IIpaktnyeckoe mpumenenue. [IpsiMble U KOCBEHHblE METOJbl ompeneneHus. BakHeillnne opraHudeckue u
HeopraHuueckue ocaautend. OmnpeneneHue jkene3a, alIOMHUHHS, KalbLWs, MarHus, HHUKeNs, KoOanbTa, IUHKA.
Ompenenenne cepsl, pocdopa, KpeMHHS U XJIOpa B OPIraHUYECKUX U HEOPTaHNYECKUX COCTMHEHHSX.

Merto1bl pazjiesieHus 1 KOHIIEHTPUPOBaHUs. Poiib B XUMUYECKOM aHaJM3e, BBIOOP 1 onieHka. CoueTaHne MeTOJ10B
pas3ziesieHuss W KOHIIGHTPUPOBAHUSI C METOJAMM OIpelesieHus; THOpPHAHBIE METOIbl. Pa3jielieHne CONOCTaBUMBIX
KOJIMYECTB 3JIEMEHTOB U OT/AEJIEHUE MaJIbIX KOJIUIECTB 0T Oonbmux. OHOCTYIIEHYaThIe 1 MHOTOCTYIIEHYAThIe IIPOLIECCHI
pasnenennsa. Koncrantel pacnpeneneansa. Koaddumment pacupenenenus. Ctenens u3piedeHns. axTop pazaencHUs.
KoadduuneHT KoHIEHTpUPOBAHHUSL.

Ocaxnenue. [IprMeHeHe HEOPTaHMYECKUX U OPTaHWMYECKHX PEeareHToB i ocaxaeHus. CriocoObl pa3aeneHns
myTéM BapbpHupoBaHus pH, 006pa3oBaHMs KOMITJIEKCHBIX COCTUHEHUI U IPUMEHEHUS OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX
peakmmii. ['pymnmoBrle peareHTHI W TpenbsSBIIEMBIe K HHM TpeOoBaHHA. XapaKTEPHCTUKH MaJopacTBOPHMBIX
COeMHEHU, Haubojee YacTo MCHOJIb3YeMBIX B aHayiu3e. KOHIEHTPHpPOBaHME MHUKPOAJIEMEHTOB COOCAKICHHUEM Ha
HEOPTraHUUYECKUX U OPraHUYECKUX KOJUIEKTOpaXx.




Okctpakius. TeopeTnueckne OCHOBBEL 3aKOH pacmpeneneHus. Knaccnukanust 3KCTpaKIMOHHBIX TPOLIECCOB.
CkopocTh 3KCTpakIMU. THMBI 3KCTPAKIHMOHHBIX CHCTEM. YCIIOBHS OJKCTPAKIMH HEOPTaHWYECKUX M OPTaHHYECKHX
coequHeHui. Peskcrpakmus. [Ipupoaa u xapakTepucTika 3KCTpareHTOB.

Paznenenne s5eMEHTOB MeTOIOM OHKCTpakiuu. OCHOBHBIC OpraHMYECKHE pPEareHThl, UCIOJb3yeMble JUIs
pasziesieHHs 3JIEMEHTOB METO0M dKCTpakuuy. CeleKTHBHOE pa3/ielieHHe JIEMEHTOB METOI0M MOoAOOpa OpraHuYecKux
pactBopuTeneii, n3amMeHnenust pH BogHOI (as3bl, MacKMpOBaHMs U AeMackupoBaHusi. [Ipudops! 11t SKCTpaKIuH.

1V xoanoxsuym.  CnekmpockonuuecKue mMemoosl aHAIU3A.

CHexTp 3JeKTPOMAarHUTHOTO M3JIyYeHHs. DHeprust pOTOHOB, [UIMHA BOJHBI, YaCTOTA, BOJHOBOE YHMCIIO; CBS3b
MEXAY HHMH; TEPMHUHBI, CHUMBOJIB, €IUHUIBI u3MepeHus. CocCTaBIIIOIIME BHYTPEHHEH OJHEPrHMHM YacTHL U
COOTBETCTBYIOIIME UM AWAIA30HBI ICKTPOMArHUTHOTO H3iydeHHs. OCHOBHBIC THIBI B3aMMOJCHCTBHS BEILIECTBA C
N3ITy4eHHEM: SMHCCHS (TEIUIOBasi, IIOMMHECLICHIINS), TIOTIIOIIeHNE, paccesHue. Kiaccudukanms creKTpoCKOIMMIeCKHUX
METOZIOB IO MPHUPOJE YaCTHUI], B3aNMOJCHCTBYIONINX C M3Iy4eHHEM (aTOMHBIE, MOJIEKYJISIPHBIE); XapaKTepy Ipolecca
(abcopOIMOHHBIE, SMIUCCHOHHBIC); THAMTa30HY AJIEKTPOMATHUTHOTO W3ITYICHUS.

Cnektpsl atomMoB. OCHOBHBIE U BO30YKACHHBIE COCTOSIHHSI AaTOMOB, XapaKTEPUCTHKH COCTOSIHHIL.
DHepreTr4ecKue Nepexoabl, IpaBuiIa 0TOOpa. BEpoATHOCTH JIEKTPOHHBIX IEPEX0I0B U BPEMEHA KU3HH BO30YKICHHBIX
COCTOSTHUH. XapaKTepPUCTHKU CIIEKTPAIBHBIX JIMHUHI: MOJIOKEHUE B CIIEKTPE, HHTEHCUBHOCTD, ITONyIIMpHHA. [IpHuuHEI
YIIMPEHUS CHEKTPAJIbHBIX JTHHUH.

CrexTpbl MOJIEKYJT; UX 0c00eHHOCTH. CXEMBI JJIEKTPOHHBIX YPOBHEH MOJIEKYIIBL. DJIEKTPOHHBIE, KoJieOaTenbHbIe
U BpamatesbHble CHEKTPhI MOJIEKYJI. 3aBUCHMOCTh BHIA CIIEKTPa OT arperaTHOro COCTOSHUS BEILIECTBa.

OCHOBHBIC 3aKOHBI HCITYyCKaHUsSI W TMOTJIOMIEHHS 3JIEKTPOMAarHUTHOTO Hu3inydeHHs. CBS3b aHAINTHYECKOTO
CHTHaJla C KOHLECHTPAIMEH OIpPEeAensIeMoro KOMIOHEeHTa. OCHOBHBIE CIIOCOOBI OINpPEAETICHUs KOHIEHTPALUH B
CHEKTPOCKOIMYIECKUX METOJaX.

Amnmapatypa. CriocoOsl MOHOXpOMAaTH3aINH JTy9uCcTOH sHeprun. Kiaccndukanus cnekTpaabHBIX TPUOOPOB, UX
XapaKTepPUCTUKU: JHUCHEPCHs, paspemaronas CrnocoOHOCTh, cBeTocwina. [IpHeMHUKH W3IydeHHs: (OTO3MYIbCHUS,
(oTO3IeMEHThI, (OTOYMHOXHTEIHM, MOIYNPOBOJHUKOBBIE MpUeMHHUKH. MHCTpymeHTaneHble momexu. Llymsr u
OTHOIIEHHE CUT'HAJI-IITYM.

MounekyssipHas abcopOumonHast cnekrpockonus (cnekrpodoromerpus).CBsizb  XUMHUYECKOH CTPYKTYPBI
coeMHEHUsT ¢ aOCOpOLMOHHBIM crieKTpoM. CHoOCOOBI TMOJIy4eHUs] OKpalleHHBIX COeAMHEeHuil. PoTomeTpHyeckue
aHAJIMTHYECKUE peareHThl, TpeboBaHus K HUM. CriocoObl onpeiee s KOHICHTPAlMU BEIIECTB. 3MepeHne BBICOKHX,
HU3KUX ONTHYECKUX IUIOTHOCTeH (AuddepeHumanbHblii  MeToJ). AHanu3 MHOTOKOMIOHEHTHBIX — CHCTEM.
CnexkTpooTOMETpHsl KaKk METOJ HMCCIENOBaHMS PeakUuid B pacTBOpax (KOMIUIEKCOOOPa30BaHMs, MPOTOJUTHYECKHX,
arperaiyu), CONPOBOXKAAIOIINXCS H3MEHEHHEM CIIEKTPOB IOTJIONICHHUS.. METpONIOTHUECKHe XapaKTepPUCTUKH U
aHAINTHYECKHAE BO3MOXXHOCTH. [IpMephl MPpaKTHIECKOTo IPHUMEHEHHS.

[IprHnunuaneHas cxema npudopa. Kiraccuduxarys anmaparypsl ¢ TOYKH 3pEHHUS CII0co0a MOHOXPOMATH3AINN
(doTometpsrr, crekTpodoTOMETpHI). [7aBHBIE NPHYMHBI OTKJIOHEHHS OT OCHOBHOTO 33aKOHA CBETONOIJIOMICHHS
(MHCTpYMEHTAIIFHBIE W (PU3UKO-XUMHUYECKHUE).

MecTo ¥ poJIb CIIEKTPOCKOITMYECKUX METO/I0B B aHAINTHIECKOW XUMHUU M XUMHIECKOM aHaJIN3e.

V konnokeuym. Inekmpoxumuyeckue Memoobl aHaIu3a.

OOmmast XapakTepHCTHKA DIICKTPOXUMHUYECKUX MeTonoB. Kiaccudukaius. DIEKTPOXMMUYECKHE SUCHKH.
VHAMKAaTOPHBIN 3JIEKTPOJ U 3JIEKTPO] CPaBHEHHS. PaBHOBECHBIE M HEPAaBHOBECHBIC 3JIEKTPOXMMUYECKHE CHCTEMBI.
SIBneHus1, BO3HUKAIONINE NPH ITPOTEKAHUU TOKA (OMHUYECKOe TTaJeHNe HANIPsDKEHHS, KOHIIEHTPAI[HOHHAsS U KHHETHYecKast
MOJISIPU3ALINS ).

[Nomnsipr3anioHHbIE KPUBBIE M MX MCIOJIb30BaHNE B PA3TIMYHBIX JIEKTPOXHUMUYECKIX METOAAX.

[psamas _moreHumomerpus. M3mepenne mnorteHnmana. OOpatuMble W HeoOpaTHMbIE  OKHCIHUTEIHHO-
BOCCTaHOBHTENbHBIE cHucTeMBbl. MHoukaropusle osnekrtpoabl. Honomerpus. Kiaccuduxamuss HOHOCENIEKTHBHBIX
JIEKTPOJIOB: 3JEKTPO/IBI C TOMOTEHHBIMHU M F'€TEPOTeHHBIMH KPHCTAJUIMYECKIMU MEMOpaHaMHt, CTEKIISTHHBIE JJIEKTPOIB,
JIEKTPOJIBI C MOJBMXHBIMU HOCHTEISIMH, (DEPMEHTHBIC M TI'a309yBCTBHTEJILHBIE SJIEKTPOJBI. DNEKTpoaHas (GyHKuus,
KO3()(PUIMEHT CETEKTUBHOCTH, BPEMSI OTKIIHKA.

IIpumepsl mpakTHYecKOro IpuMeHeHHs HoHoMmeTpuH. OmnpexneneHue pH, HOHOB IIENOYHBIX METANJIOB,
raJIOTeHU/-MOHOB.

HoTtennmomerpuyueckoe TUTpoBaHue. MI3MeHEeHHE 3IEKTPOTHOTO MTOTEHIHANIa B ITpoliecce TUTpoBaHus. CriocoOb
0oOHapy>KeHUs] KOHEYHOHW TOYKH THTPOBAHIS, MHANKATOPHIL. VICIIonp30BaHNE peakIuil: KHCIOTHO-OCHOBHBIX, OCAX/ICHUS,
KOMILIEKCO0OPa30BaHus, OKUCICHUSI-BOCCTAHOBIICHHSI.

IIpumMeps! mpakTHYecKOTo NMpUMeHeHHs. TurpoBanue (ocopHOH, cMecei CONIHOM M OOPHOW, CONTHOW H
YKCYCHOH KHCIOT B BOJHO-OpraHuueckux cpeaax. OnpeneneHue HOJUI0B U XJIOPUIOB IPU COBMECTHOM IPUCYTCTBHU.
Hcnonb30BaHUE OKUCIUTENIBHO-BOCCTAHOBUTENBLHOIO TUTPOBAHUS AJISl ONPEENICHUs] HOHOB METAJUIOB Pa3HBIX CTEHNEHEH
OKHUCIICHHUS.

Boseramnepomerpus.  CymHocts  Mertosa.  Kimaccudukanus — BOJIBTAMIEPOMETPHYECKMX — METOOB.
WnpvkatopHsle anektpoasl. IlpeumyriecTBa U HEAOCTaTKU PTYTHOTO nekTpoaa. [IpuMeHeHre TBEpABbIX 3JEKTPOIOB.
XapakTepuCTUKH BOJIFTAMIEPHON KpuBOH. EMKoOCTHBIH, MurpaunonHsbiil, nud¢ysuonnslii Toku. I[IpenenbHbIi
T Py3MOHHBIHA TOK.

Awmnepumerpuueckoe TuTpoBaHue. CymHOCTh Metona. VHaWkaTopHBIE 3meKTpoasl. Breibop motenmmana
HMHAWKATOPHOTO AIEKTPOAa. AMIEpOMETPUIECKOE TUTPOBAHHE C OJHUM U ABYMS MOJSIPU30BAHHBIMHE 3JIEKTPOIaMu. Buisl
KPHBBIX TUTPOBAHHSI.

IIpuMepsl MPaKTHYECKOTO IPUMEHEHHS BOJHTAMICPOMETPUYECKHX METOIOB M aMIIEPOMETPHIECKOTrO
TUTpOBaHMs. Perucrpamust u pacmudpoBka MOIIPOrpaMMbl MHIMBHIYAIBHOTO IENOJISIPU3aTOpa - HWOHA MeTajlla.
Perucrpamyst nossiporpaguyeckoro crnekrpa. OmnpeneneHre KOHIEHTPAalMK BELIECTB METOJIOM I'PaJlydpOBOYHOTO




rpagpmka W METOAOM J00aBOK C HCIIONB30BAHMEM KIIACCHYECKOH, OCIuiorpaguyeckoi, NepeMEHHOTOKOBOM
BOJIETAMIIEPOMETPHH. AMIIEPOMETPUIECKOE TUTPOBAHNE C OJHUM JIEKTPOIOM IIMHKA M OMXpoMaTa KajHs.

Kynonomerpus. Teopetndeckue ocHOBH. 3akoH Papazes. CriocoOb onpeaeeHns KOJINIeCTBA IIEKTPUIECTRA.
IIpsiMasg kyJZoHOMETpUS U KYJIOHOMETPUYECKOE TUTpoBaHHE. KynoHoMeTpus HmpH MOCTOSSHHOM TOKE M IOCTOSHHOM
noTeHuuasne. BHEWHsAS U BHYTPEHHSSI TeHepalus KyJIOHOMETPUUECKOrO THUTpaHTa. TUTpOBaHHE IJIEKTPOAKTUBHBIX U
3JIeKTPOHEAKTUBHBIX KOMIOHEHTOB. OnpeieneHne KOHEYHOH TOUKY TUTpoBaHus. [IpermMyIecTBa U orpaHUUeHHs METoAa
KYJIOHOMETPHUUECKOTO TUTPOBAHUS 110 CPABHEHUIO C IPYTUMHU TUTPUMETPUUECKUMH METOJaMH.

IIpumMepsl mpakTHYecKOro npuMeHeHus. ONpeneieHne MabIX KOJMYSCTB KUCIIOTHI U IIENIOYH, THOCYJb(ara
HaTpHUsl, HOHOB METAIJIOB-OKUCITUTENEH.

CpaBHHTENbHAS  XapaKTePUCTHKAa UYBCTBUTEIBHOCTH W HM30MpPATENbHOCTH, OOMacTeli MpUMEHECHHUS
ANMEKTPOXUMHUIECKAX METOJIOB.

VI konnoxkeuym. Xpomamoepaghuueckue memoovl aHaau3d.

Omnpeneneane xpomarorpaduu. [ToHsTre o moABWKHON 1 HemoABIKHON (aszax. Kimaccnpukarms MeTonoB 1o
arperaTHOMy COCTOSHHMIO (a3, IO MEXaHM3My pa3[eleHUs, MO0 TEXHHKE BBINONHEHHSA. CHocoOBI TMOIydeHUS
XxpoMmarorpamm ((pOHTaJIbHBIH, BBITECHUTENBHBIN, dmoeHTHBIN). [lapamerpsl ynepkuBaHus. OCHOBHOE ypaBHEHHE
xpomarorpapun. CeleKTHBHOCTb U 3((HEKTUBHOCTH XpOMATOTrpaUuEcKOro pasaeieHHs. Teopus TeopeTHUECKHX
tapenok. KunHermueckas Teopus. Paspemenne kak (akTop ONTHMHU3ALMK XpOMAaTOTrpad)UuecKoro Iporecca.
KauecTBeHHBIH U KOJINYECTBEHHBIH XpoMaTorpaduyecKuil aHau3.

lazoBas xpomarorpadus: ['azo-agcopOumonHas (razo-tBeppodasHas) M razo-kuakoctHas. CopOeHTH H
HOCHUTENHU, TpeOoBaHUSI K HUM. MexaHm3M pazzaerneHus. Cxema razoBoro xpomatorpada. Komonku. OCHOBHBIE THIIBI
JETEKTOPOB, MX YyBCTBUTEIHHOCTh U CEICKTUBHOCTE. O0IacTH IIPUMEHEHHS Ta30BOH XpomMarorpaduu.

KunkocrHas xpomarorpadus. Bumbl sxunkoctHoit xpomartorpaduu. [IpemmymectBa BbIcOK03()(eKTHBHON
KHUIKOCTHOW Xxpomarorpaduu. Cxema JKHIKOCTHOTO Xpomarorpada. JleTeKTopsl, WX UYyBCTBHTEJIBHOCTH U
CEJICKTHBHOCTb.

AncopOrmonHas KHMAKOCTHas xpomarorpadus. HopmanbHo-}a3oBblii 1 oOpamieHHO-(a30BbIi BapHaHTHI.
[MonsipHble W HENOJAPHBIC HEMOJBWKHBbIE (a3bl M NPUHLMUNBI MX BbIOOpa. MoanpuuIMpOBaHHBIE CHIIMKArelld Kak
copOentsl. [lonmBrkHble (a3pl ¥ NPUHLMNBL WX BbIOOpa. OOnacTW NpUMEHEHHs aJCOPOIMOHHOW JKUIKOCTHOM
xpomarorpadu.

HonooOmenHass  xpomatorpadus. CrtpoeHne ©  (QU3MKO-XMMHYECKHE CBOWCTBA HOHOOOMEHHHUKOB.
HonooOmeHHOe paBHOBecHe. CeeKTUBHOCTh HOHHOTO 00MeHa M (hakTopsl, onpenesstoniie ero. O6nactu NpUMeHEeHUs
noHooOMeHHOM xpomarorpaduu. VoHHas xpomarorpadus Kak BapHaHT BbICOKOI((EKTUBHOW HOHOOOMEHHON
xpomarorpapun. OCOOEHHOCTH CTPOCHHUS U CBOWCTBA COpPOCHTOB A MOHHOM Xxpomarorpaduu. OIZHOKOIOHOYHAS H
JBYXKOJIOHOYHAsI HOHHAsI XpoMaTorpadus, uxX NperMyIiecTBa U HeJOCTaTKU. MloHOXpoMaTorpaduieckoe onpeneneHue
KaTHOHOB W aHWOHOB. MoH-mapHas u smrasnooOMeHHas xpomatorpadus. OOmwme npuHOunsl. [logBrKHBIE U
HeroIBIKHBIE (pa3bl. O0acTH MPUMEHEHHUS.

OKCKII03MOHHas _xpomarorpadus. OOmmue NpUHOMIBI MeToja. [loJIBIDKHBIE W HENOABHXKHBIE (a3l
OcobenHocTi MexaHHU3Ma pasjenieHns. OnpenenseMple BEIecTBa 1 00J1aCTH TPUMEHEHHS METOIa.

[lnanapnas xpomarorpadus. OOmme npuHIUNB pasaeneHus. CrnocoObl MONy4YeHHs IUIOCKOCTHBIX
XpoMaTrorpaMM (BOCXOAAIIEH, HHUCXOASAIIEH, KPYroBOW, ABYMEpHOW). PeareHTHl I MPOSIBICHHS XPOMATOTPAMM.
Bymaxknas xpomaTorpadus. Mexanusmsl paznenenus. [logsmkaeie gassl. [IpenmymiecTBa u HegocTaTky. TOHKOCTIOHAS
xpomarorpadusi. Mexanusmsl pazaenenus. CopOeHThI U moABKHbBIE (Ba3bl. OOIacTH MPUMEHEHUS.

Texkyumuii KOHTPOJIb
Ilepeyenv nabopamopusix pabom

Ne HanmeHnoBaHue TeMBI HanmenoBanue 1a00paTopHBIX paboT




KaduecTBeHHbIl aHaIN3

KauectBennbie peakuuu Ha  KatuoHel  [-II
AHATTUTHYCCKUX TPYIIL. AHAJIN3 CMECH.
KauectBennbie peakuuu Ha  kaTuoHbl  III
AQHAJIUTUYECKOMN TPyNIbl. AHAJIN3 CMECH.

Anamuz cmecu karuoHoB [-III anamurHueckux
Tpym.

KauecTBeHHbIe peakiuy Ha KaTHOHBI [V-V AHanu3
CMecCH.

AHanu3 cMmecu KaTMOHOB [-V aHanmuTH4ecKux
Tpym.

KauecTBeHHBIE peakuMM Ha aHUOHBI. AHaIU3
CMECH.

AHanu3 MHAMBUYAJILHOTO BEIIECTBA.

Kucnorno -
TUTPOBaHUE

OCHOBHO€

[IpuroroeneHue u
pPacTBOpoB

3amayva: onpezesieHue mycl.
OIMPCACIICHNUC MH3P0O4

CTaHAapTu3anus paboumx

3amayva:

. My po,
3ajava: ompeneNeHue muci U npu

COBMECTHOM IPHUCYTCTBUU
OmnpeneneHne  Mn.on H|
COBMECTHOM IPUCYTCTBUH.

m(N8.2C03) npu

OcaguTrenbHOE 31
KOMILICKCOHOMETPUYICCKOE TUTPOBAHKE

1.ApreHTOMeTpHsL.
2. Ponanomertpust
3.KommnekconomeTpus

I'paBuMeTpuueckuii
aHaIM3a

METO/

Onpenenenne Ba’' B BaClL*2H,0
Onpenenenne Fe*'s NH4Fe(SO4):*12H,0

XpoMoTorpaguuecKkmii MeTO.
aHaIM3a

1.

Amnanu3 cMecH KaTHOHOB

OKHCIUTENHHO-
BOCCTOHOBUTEJILHOE TUTPOBAHUE

Honomerpus
[TepmanranatomeTrpust
buxpomatomerpust




7 DU3UKO-XMMUYECKHE METOIBI 1,2,3. Bri6op OIITHUMAaIbHBIX

aHajm3a (hoToOMETpHYECKUX OIPEACTCHHIA.
CriektpodoTomMeTpus 4. Metoa rpagynpOBaHHOTO Tpaduka
Honomerpust u 5. MeTton no6aBok

MOTEHIIMOMETPHYECKOE TUTPOBAHHE. 6.0npeencHue HUTPAT-MOHOB

7. OnpeneneHue XJIOpUA-UOHOB
8 Omnpenenenne noHoB xobdansTa(ll)
9,10. KucnoTHO-0CHOBHOE TUTPOBaHUE

YCJIOBUH
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IIpuMepHasi TeMaTHKA MO BHINOJHEHHIO KYPCOBBIX padoT

0030p xKypHaIOB “XUMHUS U KU3HD .
OCHOBHBIE 3TaIbl Pa3BUTHS AHATUTHIECKOW XUMHH.
Copepxanue MOHATHH “KUCI0TAa” U “OCHOBaHUE” B MPOLIECCE PA3BUTUSI XMMUUYECKON HAYKH.
Paznnunble knaccudukanuy pactoputeneii. HeBogHbIe pacTBOPHUTEIH.
CBoiicTBa BOJBI KaK PACTBOPUTEL.
BydepHnbie pacTBOpHI 1 MX 3HAYCHUE.
Kuca0THO-0CHOBHBIE HHIUKATOPBHI.
OKUCINTENTFHO-BOCCTAHOBUTEIIBHBIE HHAUKATOPHI.
Kuc10THO-0CHOBHOE TUTPOBAaHHE B HEBOJHBIX CPEAax.
IIepmanranaTomerpusi.
Buxpomaromerpus.
MonomeTpuueckie MeTO Bl AHAIN3A.
[TpuMeHeHne OKUCIUTENFHO-BOCCTAHOBUTEIILHOTO THTPOBAHNS.
OOmas XxapaKTepHUCTHKA COBPEMEHHBIX (PH3NKO-XUMHUUECKHX METOIOB aHAIH3A.
Heoprannueckue u opraHn4eckue 0caauTelH.
[TpumeHeHne KOMITIIEKCHBIX COAMHEHNH B XUMUYECKOM aHaIIn3e.
Hcnonp30BaHNE OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKINI B XUMUYIECKOM aHAJIM3E.
KauecTBeHHBII aHAIN3: TAIBI Pa3BUTHS.
KonngecTBeHHBII aHAIN3: ATAIbl Pa3BUTHS.
IIporonuruueckas reopus bpencrena-Jloypu, JOCTOMHCTBA U HENOCTATKY €€.
HansHelimee passutue Teopun bpercrena-Jloypu B paborax M3maitnona.
Xumnueckast Teopusi pactsopoB . Y. Menneneesa.
DIEeKTPOXMMHUUECKOE OCAXKICHNE KOOAIbTa U €r0 CIUIABOB.
Opranuyeckne COeMHEHNS B KA4eCTBE HHIUKATOPOB: CTPYKTYpa, CTPOCHHE, CBOWCTBA, IIPUMEHEHHE.
Hacrosmiee u 6yaymiee On0oCceHCOPOB.
VoHoceneKTHBHBIE U MOJIEBBIE TPAH3UCTOPHI B aHAINTHKE.
HoHocenekTHBHBIE JJIEKTPO/IBI ¢ OTKIMKOM Ha CIIOXKHBIE OPTraHUYECKHE COSTUHEHMS.
AHanmuTHYeCKHE IPUMEHEHNS ITUIICHIHAMUHTETPAYKCYCHOM KUCIOTHI M POACTBEHHBIX COCTUHEHUI.
Xpomatorpadus kak MeTo]1 aHanu3a. Buusl xpomarorpaduu.
MaremaTrueckast 00paboTKa pe3yIbTaTOB XMMHUYECKOTO aHAIN3A.
TeopeTnueckne OCHOBBI aHATUTHYECKOW XUMUH.
CoBpeMeHHOE IPECTaBICHNE O HaYKe.
Omnpenenenne pH. Teopust u npakTuka.
Xumus — TpaiuIOHHAS U HETPaJULIMOHHAS.
[MpumeHeHne HOHOCEIEKTUBHBIX MEMOPAHHBIX JJIEKTPO/IOB B aHAJIH3E.
MerTo/p! aHaNTM3a NPUPOTHBIX ¥ MPOMBIIIIEHHBIX 00BEKTOB.
HoBble TUTpUMETPUUECKUE METOBI.
KuneTnueckue METOAbI B aHAIUTHUECKOH XUMUM.
OnTuMu3aIys SKCIEPUMEHTa B XUMHUH U XUMHYECKONW TEXHOJIOTHH.
IIporpamMMupoBaHHBIN KOHTPOJIb TEKYIIUX 3HAHUM 110 aHAJTUTHYECKON XUMUHU.
Kommnexcoobpa3oBanue B aHATUTHYECKON XUMHH.

Hpozpam./na UmMo206020 IK3amena

AnanuTHdecKkas XHUMHUS. BI/I,HI)I aHaJiu3a. CTaﬂI/II/I XHMHYECKOro aHainn3a. OCHOBHEIC XapaKTCPUCTUKHU METOAOB
aHajau3a. AOCOJIIOTHBIE K OTHOCHTEIILHBIE MCTOBbI. BI)I60p METOZa aHajinu3a. CrocoO0bI MOBBIICHHUS YYBCTBUTCJIBLHOCTU U




N30MPATETbHOCTH METOAOB. ABTOMaTH3aLUsI aHAIN3A.

Kucnomno-ocnoenvie peaxyuu. IlpoTonutudeckas Teopus KHUCIOT M OCHOBaHWI. PaBHoBecne B cucreme:
KHCJIOTA — CONPSDKEHHOE OCHOBAaHWE — pacTBOpUTENb. KOHCTAaHTBI KHCIOTHOCTH, OCHOBHOCTH, aBTOIPOTOJIH3A.
Husenupyromwuii n muddepenumpyromuii a3 dexts pactBopures.

Peaxyuu xomniexcoobpaszoeanusi. TUIlBl M CBOHCTBA KOMIUIEKCHBIX COEAMHCHHUH, WCIOJIb3YEMbIX B
aHanuTH4YeCKO XumMun. KommuecTBeHHAs XapaKTEpUCTHKA PEaKUi KOMIUIEKCOOOpa30BaHMs: KOHCTaHTa YCTOHYMBOCTH.
Crynenuatoe  KomruiekcooOpa3zoBanue.  lcrosip3oBaHME ~ KOMIUIGKCHBIX — COEIMHEHWH Uil pasJelieHus,
KOHLIEHTPUPOBAHUS, MACKUPOBaHUs, 00HAPYKEHHSI, OTIPEJICIICHNS SJIEMEHTOB.

Opeanuueckue peazenmel B XUMHUECKOM aHanusze. DyHKIIMOHATBHO-aHATUTUYECKUE U aHAJIUTUKO-aKTUBHBIE
rpymnbl. BansHIE cTpoeHNsT MOJIEKYIbI Ha CBOWCTBA peareHTa. IIpiMeHeHne OpraHuIecKuX PeareHToB B aHAJIN3E.

Oxucaumenvno-60ccmanogumenvhble peakyuu B aHAIUTHYECKOM xmmun. OOpatuMble W HEoOpaTHMBbIE
OKHCIIUTEIIbHO-BOCCTAHOBUTEIBHBIE CUCTEMBI M MX MOTCHUIManbl. YpaBHeHHMe Heprcrta. CraHmapTHBIM M peanbHBIN
OKHCIINTEIbHO-BOCCTAHOBUTEIbHBIC TIOTEHIMANIBI. HanpasiieHne OKHCIUTEIFHO-BOCCTAHOBUTENBHBIX PEAKIUH.

Peaxyuu ocascoenusn B ananutrdeckoit xuMuu. KOHCTaHTHI paBHOBECHS peaKIuid ocakaeHus. PacTBopumMocTs
ocankoB. DakTOpbI, BIUSIONME HAa pacTBopuMocTh. OOpaszoBanue ocankos. Kpucrammmdeckue m aMop(HBIE OCaJKH,
yCIOBUs oOcaxaeHHsd. IIpuunHBI 3arps3HEHHMS OCAJKOB: COBMECTHOE OCaXACHUE, COOCAXKACHHUE, IOCIeNyrollee
ocaxkaenue. Bunsl coocaxaenus. [Ipuémbl, ciocoOCTBYIOIINE MOTYYEHHIO YUCTHIX OCAJIKOB.

Mertoms! pa3jieneHus ¥ KOHIEHTpUpoBaHusa. OCHOBBI 3KCTPAKIIMU KaK METO/1a Pa3/ie/IeHUs U KOHLIEHTPHUPOBAHUS.
KoncranTa pacrpenenenus, koaddurnuent pacrpenenenus. Koncranra skcrpakiuu. @aktop pasieneHus. YcClIoBUs
SKCTPAKIUU HEOPTaHUUECKUX U OpraHUYeCcKUX coeAnHeHu. [IpakTiHueckoe NpUMEHEHUE SKCTPAKIUU.

Mertob! pa3eneHuns 3JIEMEHTOB, OCHOBAHHbIC HA OCKICHUH HEOPTaHUIECKIMHU U OPTaHNIECKIMH PeareHTaMH.
Hcnonp3oBaHne COOCaXACHUS MAIsI KOHIIEHTPHPOBAHHWS MHKPOKOMIIOHEHTOB. HeopraHmdeckne M OpTraHHYECKHE
KOJUIEKTOPBI.

Xpomamoepaghuueckue memoods:. [IpuHIMIBI U Knaccu(UKanus. XpoMaTOrpaMMBbl U CIIOCOOBI MX TOTYyYCHHUS.
OCHOBHBIE TEOPETHIECKHUE ITOJIOKEHIS M XapaKTEPUCTUKU MeTOI0B. ['a3oBast xpomatorpadust. OCHOBHBIE TEOPETHIECKUE
nojoxeHusa. TpeOoBaHMA K CTAalMOHAPHBIM M TOABWKHBIM (asaM. Ilpumepsl NpakTHYECKOTO MPUMEHEHHS.
HonooOMmeHHass xpomarorpadus. BricokoaddextrBHas noHHas Xxpomarorpadus. [IpuHiumnel metonoB. Ilpumepsr
MPaKTHYECKOr0 NMPUMEHEeHUs. byMaxkHasi 1 TOHKOCIIOMHas XpoMaTorpadusi, UX OCHOBHBIC TEOPETHYECKUE MOJI0KEHHS.
TpeboBaHust K CTAIMOHAPHBIM M MOABHXHBIM (azaMm. [IpuMepsl MpakTHUECKOTO MPUMEHEHHSI.

I'paBumerpuueckue Metonsl. CymHocts. OcaxaaeMas u rpaBumerpudeckast popmsl. [IpuMepsl npakTH4ecKkoro
IIPUMEHEHHUS.

Turpumerpuueckue Meto ibl. CriocoObl YCTaHOBJICHHSI KOHEYHOW TOYKU TUTPOBAHHSI.

Kucnomno-ocnosnoe mumposanue. Kpubbie THTpoBaHUS. KHCIOTHO-OCHOBHBIE MHIMKATOpHL. llorpenrHoctu
METO/1a KHCIIOTHO-OCHOBHOTO THUTPOBaHMUS. THUTpOBaHUE CMECEH KUCIOT M OCHOBaHMH. TUTpOBaHNE B HEBOAHBIX Cpeniax.

Komnnexconomempuueckoe mumposanue. llpenmyinecTBa aMHHOIIOINKAPOOHOBBIX KHCIIOT TEPEd APYTHMH
OpPraHMYEeCKUMH THUTpPAHTaMH. MeTanIoXpoMHbIe WHIMKATOPHI, TpeOoBaHus K HUM. CrocoObl THUTpoBaHHMS (IIPSIMOH,
0oOpaTHBIH, BBITECHUTEIbHBIH, KOCBEHHBIH). IIpakTHieckoe NpHMEHEHHEe KOMIUICKCOHOMETPUYECKOTO THUTPOBAHMS
(omnperneneHre NOHOB KAJIBIHS, MArHUS, )KEJIe3a).

Oxucnumenvro-6occmanogumenvroe mumposganue. PakTopbl, BIUSIONME HA BEIMYMHY CKadKka IOTEHIUAA,
crocoObl OOHapy)KeHWs KOHEYHOW TOYKM TUTpoBaHMsA. [lepMaHraHaToMeTpHyecKoe, OUXpPOMAaTOMETPHYECKOE,
nojoMeTpudeckoe TUTpoBaHue. IlepBuuHBIE W BTOpHYHBIE cTaHAapThl. MHIukaTopsl. [IpuMeps! NpakTHYECcKOTo
MIPUMEHEHHS.

OnexkTpoxuMudeckue  Mmeronsl.  [Ipuponma  aHanmTHueckoro  curHaia.  Kiaccumduxamus — MeTOIOB.
OnexTpoxuMuueckas sueiika. HIuKaTopHbIE 3J€KTPOABI U 3JIEKTPO/Ibl CPABHEHHS.

Iomenyuomempus. PaBHoBecHbIH moreHnnan. CrocoObl n3MepeHns noteHnuana. [psmas moTeHIHOMETpHH.
Wunukaropuele snekrpoabl. Kiaccnukanms HOHOCENEKTHBHBIX 3JIEKTPOIOB. XapaKTEPUCTHKH HOHOCEIEKTHBHBIX
JIEKTPOJIOB: 3JeKTpoaHast (QyHKIMS, KOI()(OHUIMEHT CEeNeKTHBHOCTH, BpeMsl OTKIMKAa. CrocoObl ompeneneHus
ko3(ppunmenTa ceneKTUBHOCTH. CIOCOOBI MPSMBIX TOTEHIMOMETPHYECKUX HM3MepeHHi. [IpakTnyeckoe mpuUMeHEeHHe
noHoMetrpuu: onpenenenue pH, pF, pNOs.

[MoTennnomeTpudeckoe TutpoBanue. OOmas xapakrepuctuka Metoia. CriocoObl HAXOXKASHHUSI KOHEYHOU TOUKH
TUTpOBaHMA. THIUKATOPHBIE 3JEKTPOJB! B KUCIOTHO-OCHOBHOM, OKHCIHTEIbHO-BOCCTAHOBUTEIBHOM U OCAIUTEIHHOM
TUTPOBAHUU.

Kynonomempus. 3axkonsl @apanes. Ilpsmas KymoHOMETpHs. YCIIOBHS HOTEHIMOMETPHUYECKHX H3MEpPEHUIM:
noctiokenne 100%-Horo BBIXOZA TO TOKY; H3MEpPEHHE KOJNMYECTBA JJEKTPUUECTBA; ONpeAeleHne KOHIA
3JIEKTPOXUMHUYECKOM peaKkuu.

Kynonomerpuueckoe tutposanue. [Ipumepsl onpeaeneHus 31eKTPOAKTUBHBIX U JJIEKTPOHEAKTUBHBIX BEILECTB.
DJeKTpOoreHepHpOBaHHbIE KyJIOHOMETPHIECKNE TUTPAHTHL. Y ClIoBUS TUTpoBaHus: obecrieueHne 100%-Horo BeIXoza Mo
TOKY; M3MEpPEHHME KOJIHMYECTBAa 3JEKTPUUECTBA; OMpEJENCHHE KOHIA XHMMHUuYeckoil peakuuu. [IpenmyiectBa mepen
JPYTUMH TUTPUMETPHUECKUMH METOJAMHU.

Boremamnepomempus. OcHoBsl MeToga. OCOOEHHOCTH 3JIEKTPOXUMHUYECKON stuekh. TeopeTnyeckne OCHOBBI
KJlaccuyeckoil nossiporpaduu. XapakTepucTHKH Tossiporpammbl. IloteHnman mosryBosiHbl. JndQy3noHHBIA TOK.
VYpaBuenne WnpkoBnua. Ilpaktmueckoe npumeneHue mossporpadun. KadectBennsrii anamums. Ilomsporpadudaeckuit
cnekTp. KommuectBenusiit ananmms. CriocoObl ompeseneHnsl KOHIEHTPAINH BEeIIecTBa. BO3MOXXHOCTH M OTpaHHYCHHUS
MeToJa.

AmniepoMeTprdecKkoe THTpOBaHHE. BBIOOp YCIIOBHI aMIIepOMETPHUYECKOr0 THUTPOBAHHSA. BHIBI KPHBBIX
TUTPOBaHUA. [I[puMepHI IPaKTHIECKOTO MPUMEHEHHS.

CrexTpocKkonu4eckue MeTOJbl. BakHeillne XapakTepUCTHKHM CHEKTpPalbHBIX JHMHUN  (IOJOXEHUE,
MHTEHCUBHOCTb, IIUPHHA). ATOMHBIE ¥ MOJIEKYJISIPHBIE CHEKTPhl. B3aMMOCBSI3b OCHOBHBIX XapaKTEPUCTUK CHEKTPAIbHBIX




JIMHUH ¢ IPUPOAOH M KOJUIECTBOM BelllecTBa (Ka4eCTBEHHBIN M KOJUYECTBEHHBIN aHaTIH3).

Cnexmpoghomomempuueckuti memod. (OCHOBHOM 3aKOH TIOTJIOMICHHS 3JICKTPOMArHUTHOTO M3ITyYEHUS.
Monsipasiii k03¢ ¢uIHeHT morjiomeHus. I[lpuMeHeHme Meroma [UIA  ONpENeNCHUs KOHIICHTPAIlMM  BEIIECTB.
UyBCTBUTEIBHOCTD H CEJICKTUBHOCTh METOAA. BEIOOp ONTUMANBHBIX YCIOBUI MPOBEICHHS (POTOMETPUICCKUAX PEAKITHIA.
WuTepBan ompenenseMbIXx ONTHYSCKUX IDIOTHOCTeH. Meron auddepeHIuansHol  CHeKTPOPOTOMETPUH, €ro
BO3MOKHOCTH U TpeumytiecTBa. CriekTpohoTOMETpHYCCKIEe METO Bl H3YUYCHHUS paBHOBECHH B pacTBopax. OnpenencHue
KOHCTaHT KUCJIOTHON AUCCOIMAIINM OPTaHUUYECKUX COCTUHEHHIA.

MNPUJIOKEHHUE 2

5. POH/1 ONEHOYHBIX CPEACTB

5.1. OueHo4YHbIe MaTepUAJIbl VIS IPOBEIeHUs] TEKYlIel aTTecTaluu

DoH/T OIIEHOYHBIX CPEICTB JIJIs MPOBEIEHNS TEKYIIeil H MPOMeKyTOYHOH aTTeCTAI[UH.

OIIK-1 CnocoOeH aHAIM3UPOBAThE, MHTEPIPETUPOBATh U 0000IIATh PE3YIBTATEl DKCIEPUMEHTAILHBIX M PAcYETHO-
TEOPETHYECKHUX PAOOT XMMHUYECKOH HAIPABIEHHOCTH

(xo11, HaUMEHOBaHNE KOMIICTCHIINH )

Homep | [IpaBwuibHBI OTBET (KIIFOY) Kpurepun
3aaHu OLICHUBAHHMS 3aJaHUN
o CozeprxaHue BOIIpoca/3agaHust

3agaHus 3aKpPbITOr0 THIIA

1 b Kakme kaTtmonnl MoOryr ObITh | | Oayul 3a mpaBUIIBHBIN OTBET
otaesieHbl ocaxxaenuem HCI?

A Ca*, Ba*, Sr**

N Pb2+’ Ag*, Hg22+

B Mn2+, Mg”, Cr3+

I Zn*, AI*, Sn**
2 r UYro Oyaer #ABJATHCI  BecoBoii | 1 0at 3a mpaBWIBHEIN OTBET
¢dopmoii 1npu rpaBUMeTPHYECKOM
omnpejaeleHuN xKeae3za?

A Fe(OH);
b FeSO4
B FeCls
T Fe O3
3 B Kaxoii HHIUKATOP MOkHO | 1 Gasul 3a MpaBUIILHBIN OTBET

HCNOJB30BaTh NpPHM  THTPOBAHUHU
YKCYCHOH KHCJIOTBI THAPOKCHIOM
HaTpusi?

A wMetwioBHIi opamkeBbli (pT=4)

b wmerunoserit kpacusrit (pT=5)

B ¢denondranenn (pT=9)

I" 6pomxpe3onoBslit 3enenslii (pT=4,5)

4 r 10,00 ma Boanoro pacrBopa NaCl | 1 6ann 3a npaBUIbHBINA OTBET
HEU3BEeCTHOI KOHLEHTPaUMH
TutpoBasm  0,1000 M AgNOs B
npucyTcTBun  (uyopecueuna. Kak
HA3BIBAKOT JAAHHBIA cnocod
THTPOBaHUA?

A KOCBEHHOE TUTPOBaHUE,

b 3amecTuTensHOE TUTPOBaHUE,

B obparHoe TuTpoBanue,

I" mpsiMoe TUTpOBaHUE,

5 b CKOJIBKO CKAYKOB THTPOBaHMSA Ha
kpuBoii TurpoBanusa 0,1 M H:3POs
pactBopom 0,1 M NaOH?

A onun;
b nBa;
B detsipe;
I' T1pu
6 KaugecTBeHHBEIMHI Yro AABJISIETCS KayeCcTBEHHOI
Ha3bIBAKOTCS peakuuy, | peakuveil B aHAJIUTHYECKOH XUMHUU?

MO3BOJISIONINE
UICHTU(QHUIIIPOBATH B




HCCIIeTyeMOM 00BeKTe
orpe/ieIeHHbIE aTOMBI,
MOJICKYJIbI,

(yHKIHOHATIBHBIE TPYIIIBI
U T. 1. IO TO BHEUIHUM
MPOSIBJIICHUSIM,  KOTOPKIC
COIPOBOXKIAIOT PEAKIINIO:

BbIJIEJICHUE rasa,
HU3MEHEHHE I[BETA
pacTBopa,  0Opa3oBaHHE
ocajika, MOSIBJICHUE

cnenu(UIecKoro 3amaxa u
ap.

@akTop HKBUBAJIEHTHOCTHU
(f sxB) — 9TO0 HYHCIO,
KOTOpoe obo3Hagaer,
Kakasi  J0Js  pealbHOMH
YACTHUI[LI (noHa J5R1070
MOJICKYJIbI) YKBUBAJICHTHA!
OJIHOMY MPOTOHY B
KHCJIOTHO-OCHOBHOM
peaKkuuu;0IHOMY
JJIEKTPOHY B
OKHCIIUTEIbHO-
BOCCTAHOBHTEIILHOM
peakuuy; OTHOW eAMHUIIC
3apsiga B KOHKPETHOU
peakmu oOMeHa.

Haiite omnpeaeaeHue dakropy
IKBUBAJIEHTHOCTH.

I'paBuMeTprUECcKUM
aHaJIU30M Ha3bIBAIOT
METOJ, KOJIMYECTBEHHOI'O
XHUMHYECKOTO aHaju3a,
OCHOBAaHHBIH HA TOYHOM
U3MEpPEHUU Macchl
ONpEeNEeNsieMOro BelllecTBa
581071 ero COCTaBHBIX
JacTe, BBIJICIIIEMBIX B
BUJIC COCIWHEHHUH TOYHO
HW3BECTHOI'O ITOCTOSIHHOT'O
COCTaBa.

OmnpeniejiecHde rpaBHUMETPUYECKOrO
MeETO/Ia aHAJIN3A.

CriexrpodoromeTpus —
METOJ, (uzuko-
XUMHUYECKOTO
HUCCJEIOBAaHUS M aHalln3a,
OCHOBAHHBIN Ha
U3MEPEHUU CIIEKTPOB
MOTJIOIIEHHS B ONITHYECKOU
obmactu
3JIEKTPOMArHUTHOTO
W3JTyYEHUSL.

Omnpenenenne
CNeKTPOPOTOMETPUUECKOT0 MeToAa
aHaJIM3a.

10

[NorenmomeTpus - 3T0 psix
METOJIOB aHamM3a u
OIpeieNeHus ¢dusuKo-
XUMHUYECKUX
XapaKTepUCTUK
AIIEKTPOJINTOB u
XUMHYECKUX peakiu,
OCHOBaHHBIX Ha
U3MEPEHUH  DIIEKTPOHBIX
MOTEHIHAJIOB "
JNEKTPOJBIDKYIINX  CHII
rajJbBaHUYECKOTO
JJIEMEHTA.

OmnpenesieHne NOTEHIMOMETPHHA

3aganus

OTKPBITOI'0 THIIA

Kak pasnenuTh cMech KaTuonos: Ag*. Ba?', AP*, Zn?*

3 Gamta




IIpaBuABLHBII 0TBET (KJIIOY):

1. JlobaBmsem k pactBopy 2M pactop HCI: 1 6amr
Ag"+Cl'.— AgCl ! Genplii  TBOPOXKMCTHIM 0CAIOK
2. OtnenuB ocaiok, fodasisieM K pactBopy 2M pacteop H2SO4 1 Gamn
Ba?" + SO4* — BaSO4 | Genblii KpHCTAUTHYECKHIT 0CamoK
3. Tlocne otnmenenus cynbdarta Oapus K pacTBOpy [00aBisieM H30BITOK
TUIPOKCU/A AMMOHHS 1 6amn
AP" + 3NH4OH — Al(OH);4+3NH,"
OeIBIil CTYIEHICTBIA 0CaT0K
Hroro:
Zn* + 2NH4OH—Zn(OH),4+2NH4" 3 Ganma
Zn(OH),; + 4ANH4OH—[Zn(NH3)4](OH), + 4H,O
pacTBOp KOMIUIEKCHOM COJIH
2 Boinmager Ju ocagok xJopuaa cepedopa, ecsim k 10 ma 0,1 M | 3 Gammra
pacTBopa HUTparta cepedopa mpudaButh 20 ma 0,1 M pacrBopa
xjopuaa Hatpus?
IIpaBuABLHBII 0TBET (KJIIOY):
1. Haiizem KOHLUEHTpaLKU PACTBOPEHHBIX BELIECTB OCIIE CMELINBAHUS: 1 Gamn
C(AgNO3)e V (AgNO3) _ 0,110
C(AgNO3 ) = % (igN03)+ \% (gNaCI) T To+z0 0,0333 mosb/n
C(NaCl) = ——Nach = V (Na€h 01 *20 _ ) 567 \omw/im
V (AgNO3) + V (NaCl) 10+20
Ortcroga
C(Ag") =C (NO5) = 3,33-102 Mo/,
C(Na") = C(CI") = 6,67-107% Mo/
2. BerumcarM HOHHYIO CHITy pacTBOpa:
I[=0,5+(0,0333+12+0,0333 *12 + 0,0667 *1% + 0,0667 *1%) = 0,1.
Onpenenum ko3¢ puunenTs! akTuBHOCTH HOoHOB Ag™ 1 CI™ mpu [ = 0,1 1 Gann
fag+ = 0,81, fcr=0,81.
3. Haiinem npousBenenue akTuBHOCTeH HOHOB Ag' 1 Cl™
0,0333+0,8140,0667+0,81=1,157-10"3
Tak kaKk MPOU3BEICHUE AKTUBHOCTEH HOHOB OOJIBIIEC BETHYUHBI 1 Gann
IP(aecty = 1,78-107'°, cnemoBaTensHO, 0CamOK BHINAIET.
Otser: ocanok AgCl Bbinajaer. Hroro:
3 Gamia
3 Onpeneaurs pH pacTBopa, nosaydennoro npu cmemuBanun 20 | 3 6amia
ma 0,15 M u 20 ma 0,3 M pacTBopa anerata HaTpHs.
IIpaBuabHbIA 0TBET (KJI04):
1 Gamn
1. HaxonnM KOHIICHTPAIHIO YKCYCHOW KUCIOTHI M alleTaTa HATPHUs MOCTe
CMECTIIUBAHHUS:
C(cuscoomn) = 0,15¢20/(20+20) = 0,075 Mous/n
Ccmszcoom = 0,3+20/(20+20) = 0,15 mouns/n
1 Gamn
2. PaccuuTeiBaeM KOHIEHTpAIMI0O HOHOB BOAOpoOJa MO (opmyse s
0yGepHOTrO pacTBOpa, 00Pa30BaHHOIO CIa00¥ KHCIOTON U €€ CONBIO.
[H"] = Kx-161 * Ck-T61/Ccomu =1,75 « 10+ 0,075/0,15 = 8,7510° 1 6amn
3. pH=-lg[H]==-1g8,75¢10° = 5,06
Hroro:
Otgert: pH = 5,06 3 bamia
4 BbIYnc/IMTE YHCIIO MOJIEKYJ M MACCOBYIO 10JI10 BOJABI B MoJIeKyJe | 3 Oajia
KPHCTAJLUIOTHAPATA XJOPHAA MATHHUS, €CJIM W3 HABECKH €ro
0,5013r moayunan 0,2741r Mg2P201.
IIpaBuabHbBIA 0TBET (KJII04):
1 Gayn
1. Omnpenenum MOISIPHYIO MacCy KpUCTAJUIOTHAPATa XJIOPH/IA MarHUS
M(MgC12-xH20) = MMg2P207) *2MMgc12-xH20) / MMg2pr207)
MmgCi2-xH20) = M (MgCl2-xH20) * MMg2p207)/ 2MMg2p207) =
0,5013+222,553/2+0,2741 = 203,51 1 6amn
2. HaxoauM 4YuCIO MOJIEKYJT B KPUCTAILIOTUApaTe
X = M(MgClZ-xHZO) - M(MgClZ) / M(HZO) = 203,51 - 95,21/1 8:6,02
3. Haxomum mMaccoByro 00 1 6amn
Wn20)= 6°18/203,51 = 0,53 wmu 53%
Otsert: 6 Mmoneky, Wano= 53% Hroro:
3 bauta
5 Jns crangapruzanun pactsopa HCl naBecky 1,9024 r 3 banna

Na:B4O7 - 10H2O pacTBopnin B MepHON Ko0Ji0e BMEeCTHMOCTBIO




100,0 ma. Ha TtutpoBanue anukBoTHoi 4actu (VA = 15,0 M)
Toro pacrpopa mouuio 13,1 ma pacrBopa HClL Beruucaurhb
MOJISIPHYIO KOHIIEHTPAIMIO M TUTP pacTBopa

IIpaBUABLHBII OTBET (KJII0OY):
1. U3 ypaBHEHUs MPOTEKAIOIICH pEeaKIUi HEHTpaIn3aIiuu
2HC1 + Na,B4O7 +5H,0 — 2NaCl + 4H3BOs
crenyer, uro f3kB. Na,BsO; =1/2, mnosroMy MonspHasi KOHIIEHTpaLUs
JKBHBAJICHTA TeTpabopara HaTpus OyAeT
CNa2B40*10H20) = M©Na2B407) / MDIKB Na2B407*10H20) *V = 1.9024/190,69 + 0,1 =
0,0998 MOIB-3KB/II
2. Tlo 3akoHy OJKBHBAJCHTOB pAacCUYNTAEM MOJSIPHYIO KOHIIEHTPAIIHIO
sxBuBasienta HCl
Cucny = 0,0998+13,1/15 = 0,0872 MomB-3KB/1T
KB ey = 1, mosTOMy MOISpHAs KOHIEHTpanus OyneT paBHa MOJSIPHON
KoHneHTparmu skBuBaeHTa HC1  0,0872 momns/n
3. Twurp paccunutsiBaetcs 1o Gopmyie:
Twen = C @en*M uar / 1000 = 0,087236,5/1000=0,00318 ¢

Oteet: C(rc)=0,0872 monw/m; T (1c=0.00318r

1 6amn

1 6amr

1 6amr

Hroro:
3 Gamta

6 Boruncautb MaccoByio 10110 Al2Os B cuiiukare, ecjim

HaBecky 1,0220 r nepeBenu B pacTBOp, a06aBuan 25,00 mua
pacrBopa TpuioHa b ¢ konumenrpanueir 0,1151 moan/a. Ha
TUTPOBaHMeE U30bITKA MocjaeaHero nouio 9,83 mia 0,1015 moan/a
pacTBopa cyjab(para HUHKA

3 Gama

IIpaBuABLHBII 0TBET (KJIIOY):
1.  Omnpenenenne Al,O3; MPOBOAMTCS METOAOM OOpPaTHOTO THTpOBaHHA. B
pacTBOpE NPOTEKAIOT CIECTYIONINE PEAKIIHH:
AP+ HoY> > AlY +2H'
H,YZ + Zn*" > ZnY?* + 2H'

2. KomnuecTBO MOIB-3KBHBAJICHTOB AJIIOMUHUA  PACCUUTHIBACTCA  I10
Pa3HOCTH MEXAY KOJIMYSCTBOM MOJb-3KBHBAJICHTOB J100aBICHHOTO
TpwioHa b wu ocraBumerocs mnocne peaxkuuu. Ilockonbky peaknus
KOMILIEKCOOOpa30BaHUs TPOXOTUT OAWH K OXHOMY, f 9KB. Ka)Ioro
peareHTta paBeH 1. MomsipHas KOHIIEHTpAIHS U MOJISIpHAS KOHIICHTPAIIHS
9KBHBAJICHTA PaBHEI.

naH=CtpeV1p - C zu504*V znsos
nans=(0,1151 25 -0,1015 +9,83) «10- = (2,88-0,99)107 =
=1,89+107 momb-3kB =0,00189 Monb

3. Tak kak B OJHOH MOJIEKYJIE COJIEPKUTCS IBA MOHA ATFOMUHIS, KOJIMYECTBO
mouteit Al,Os OyneT B 1Ba pa3a MEHBIIIE.

m (A1203) = N(AI3+) ® M(A1203)/ 2= 0,00189‘102/220,0964 r
Wao3) =0,0964/1,0220+100=9,62%
Ortger: 9,62%

1 6amr

1 6amn

1 6amn

Hroro:
3 Gamta

7 Bpruucaurs omubky TtutpoBanus 0,15 M pacTBopa
rugpoxkcuga ammoHusi 0,15 M pacTBopoM COJISIHOH KHCJIOTBI
B IPUCYTCTBUH (peHoTaNCHHA

(pT=9).

3 Gamra

IIpaBuabHbBIH 0TBET (KJII04):

1. PaccumteiBaeMm pH B TOuke SKBUBaJeHTHOCTH. Ilpm momHOM
HEUTpanu3aIiy THAPOKCHAA aMMOHHS B pacTBOpe OyJeT HaXOIUTHCS
coilb, oOpa3oBaHHas CHJIBHOH KHCJIOTOM H CIa0bIM OCHOBaHHEM,
KOTOpas OyAeT MOABEPTaThCS THIPOIH3Y.

NH4OH + HCl — NH4CI + H,O
NH,4Cl1 + H,O — NH4OH +H" + CI
Ortcrona

pH =7 - 2 pKamaom — 72 1g Cxmacyy

Cmacty= Conmson * Vnmsony / Vnasaom + Ve
Cwnacy = Cumcry  —  Vavmson) = Vauey —

C(NH4CI) = C(NH4OH) / 2 = 0,15 /2 = 0,075

1,5 6ama




pH =7 —4,75/2 — 1g0,075/2 =5,75

2. Tak kak TUTpoBaHWe OymeT 3akoHueHo mpu pH=9, TO THapokcun | 1,5 Gamra
aMMOHMsI OynmeT HemoTHTpoBaH.  WHaumkaTopHas omuOka Oyjaer
OMPENENATHCS. PUCYTCTBHEM B PACTBOPE HEAOTHUTPOBAHHOIO CIIA0OTO
ocHoBaHus. T.e. HE0OOXOUMO paccunuTaTh OCHOBHYIO OIIHUOKY:

10pT+pKB—14
A%(MeOH) = —W -100
9+4,75—-14 .
A%(MeOH) = -0 2" 100 = — 36% Joros
OTBeT: TMAPOKCU], aMMOHHA OyJeT HeJOTUTpoBaH Ha 36 %

8 Cmemaiau 60 r 6%-Horo pacrBopa cepHoii kucjorhbl ¢ 100 max | 3 6amna
20 %-Horo pacrBopa cepHoii kuciaoTbl. KakoBo nmpoueHTHOE
colepkaHHe W KOHIEHTPANHs MOJSIPHOTO SKBHBAJIEHTA
CEPHOI KNCJI0THI BO BHOBD MOJIYY€HHOM pacTBope?

IIpaBuabHBIH OTBET (KJII04):

1. TlepeBenem o0bem 20% pacTBopa B rpaMMbl. B cnipaBouHuke Haxomum | 1 G6asmn
wioTHOCTH 20% pacTBOpa CEpHON KHCIOTHIL. Po% H2s04=1,1394

m (20% H2S04) = 1,1394 « 100 =113,94 T

2. PaccuutbiBaeM HOBYIO % KOHLIEHTPALIUIO
m (m2804)= (60 * 6 + 113,94 « 20)/100 = 26,39 T 1 Gamn
m HoBoro pacteopa = 60+113,94 =173,94 r
W% (H2s04) = 26,39 « 100/ 173,94 = 15,17 %

3. OmnpenenseM GpakTOp SKBUBATCHTHOCTH CEPHOM KHUCIIOTHI.
fakB.=2  MokB. =98/2 =49 1 6ayn
Haxomaum mnotHocTh 15% pactBopa.
pas% H2so4) =1,1020
PaccunThiBacM KOHIEHTPAIMIO MOJIb-9KBHUBAJICHTA

w -p10 _ 1517 +1,1020 ‘10 _

C= o prs = 3,4 MOoJIb — 3KB/ 1

OtBet: w=15,17%, C=3,4 MOJIb-3KB/II

Hroro:
3 bauta

9 Hagecky skese3oconep:kamieii  pyabl  maccoit  0,3301 r | 3 Gama
PAcCTBOPMJIM B KHCJIOTE §e3 10CTyNa BO31yXa, NepeHecIn
B MEpPHYI0 K010y BMecTUMOCThI0 200 Ma1 1 10BesI 00beM /10
METKH. AJIMKBOTY IOJIy4YeHHOro pacrBopa 10Mi1 oTTUTpOBAIH
noreHuuomerpuyeckn 0,0500n pacrBopom KMnQOa. Ilo
MOJIy4YeHHBIM pe3yJibTaTam
V, ma 25 26 2,7 28 28 29 30 3,1
3,2
E,MB 585 570 550 530 410 180 165 155 145
onpeaeTuTh TOUYKY IKBUBAJEHTHOCTH M PACCYHTATH MaCCOBYIO
JOJIIO JKeJie3a B pyae.

IIpaBuabHBIA OTBET (KJII0Y):

1. Inst TOorO, 9TOOBI HCITOTB30BATH 3aKOH SKBUBAJICHTOB ISl ONpeAeICHAs MacCchl | 1 Gant

JKene3a, HeoOX0AUMO y3HAaTh O0BbEM MEepMaHTaHaTa B TOUKE DKBUBAJICHTHOCTH.

IIpeobpa3yem noTydeHHBIC TaHHBIE.

V,mn 25 2,6 2,7 2,8 2,85 2,9 3,0 3,1 32

AV - 0,1 0,1 0,1 0,05 0,05 0,1 0,1 0,1

E,MB 585 570 550 530 410 180 165 155 145

AE - 15 20 20 120 230 15 10 10

AE/AV - L5 2,0 20 2400 4600 15 1,0 1,0

Haxe 6e3 moctpoeHus nud¢epeHnaaTbHON KPHBOH BUIHO, YTO MaKCUMyM Ha

HEH COOTBETCTBYET 00BEMY IepMaHTaHaTa

VT1.5.=2,9 M.

2. PaccumnThiBaeM KOHIICHTPAIIMIO U MacCy XKelie3a B HCXOAHOM PacTBOpe
Cre2n=2,9 * 0,05/10 = 0,0145 mob-3KB/1 1 6amn
B nporekaroieil npu TUTPOBAaHUU pEaKLUU
MnOy + 5Fe?" + 8H" = Mn?" + 5Fe*" + 4H,0
taxrop sxuBanenTHocTH Fe (II) f5xB. = 1 1 MakB. = 55,845
m re2+) = 0,0145 ¢ 55,845 0,2=0,1620T

3. KonmuecTBo kene3a B pacTBOpE COOTBETCTBYET KOJHMUYECTBY JKene3a B | 1 Gamn

HaBecke. OTcrona:




w% re = 0,1620 + 100/0,3301 = 49,06%

OtBet: w% = 0,2348%

OtBeT: W% re = 49,06% Hroro:
3 Gamma
10 Ilpu omnpeneleHnu MapraHoa B CIUIaBe MeTOJOM 006aBok | 3 Gamia
HaBecky maccoii 0,5000r pacTBopusiu u pa3déaBuu pacTBop 10
200 ma. K derblpeM OAMHAKOBBIM MNOPHMSAM PpPacTBOpa
A00aBMIIM TaKWe 3Ke O00BEMBI CTAaHAAPTHBIX  PacTBOPOB,
conep:xkammx:  0; 33 6; 9 mxr/ma Mn. H3smepus
ONTHYECKHe  IJIOTHOCTH, TMOJYYHJIH  COOTBETCTBEHHO:
0,225; 0,340; 0,455; 0,570. BbIYMCIUTH MACCOBYIO /10JIIO
Mn (%).
IIpaBunbHEIN OTBET (KITIOY):
1. PacuutbiBaeM KOHIIGHTpAIIMIO MapraHIla B HCCIeAyeMoM pacTBope | 1 Oamn
AHATTUTHYECKH 110 (hopMyIIe
Cx=C cT m, rae CcT —KOHIIEHTpAIUs CTaHAapTa, AX —ONTHIECKAs
IUIOTHOCTb HCCIIEyeMOro pacTBopa 0e3 100aBKM CTaHAApPTHOTO pacTBopa: A
X+CT — ONTHYECcKast INIOTHOCTh UCCIIEAYEMOT0 pacTBopa ¢ 100aBKOM cTaHapTa
Cx=3 L0225 5,87 MKr/miu
0,340-0,225
Cx=6" 225 _ 5,87 MKr/mn Cx = 5,87 Mxr/ma = 5,8710° ¢
0,455-0,225
Cx=9- - 5,87 MKr/min
0,570-0,225
2. Paccumraem maccy Mapranua B 200mi 1 Gamn
m=5,8710°200=1,174 10>
3.  BBIYHCINM MaccoByo 10mo. KommdectBo Maprania, coepraiieecst B | 1 Oam
200mMn pacTBOpa COOTBETCTBYET KOJIMYECTBY COJAEp)KalleMycs B
HaBECKe CIUIABa. Hroro:
w% = 1,174 « 10+ 100/0,5000 = 0,2348% 3 Gara

OIIK-2 CrocoOeH IpOBOAUTE C COOIIOJIEHUEM HOPM TEXHMKHM O€30IIACHOCTH XMMHUYECKHUN DKCIEPUMEHT, BKIIOYAs
CHHTE3, aHAJIN3, M3YYEHHE CTPYKTYPHI M CBOWCTB BEIIECTB M MATEPHAJIOB, HCCIEAOBAHME IIPOIIECCOB C MX YUYACTHEM

(KOI[, HanMMCHOBaHHEC KOMHCTGHHI/II/I)

Homep | IIpaBunbHblit Kpurepun
3a/1aHd | OTBET (KITI0Y) OIICHUBAHHUS
S CojneprxaHue BOonpoca/3aiaHus 3aaHu’
3aganus 3aKpbITOro THNA
1 b Yro u3ydyaer aHAINTHYECKAS XUMHA? 1 6an
A H3zyuaer coeMHEHHS C YrIIepOIOM Pa3IMYHbIX SJIEMEHTOB, a TAKXKE | MPaBHIIbHBINA
UX CBOMCTBa M METObI OTIPEEIICHNUS OTBET
b 310 Hayka o MeTonax uaeHTHGUKAIUN 1 0OHApYKEHHS SJIEMEHTOB
U UX COCIMHEHUN
B Hayka o 3akoHax CTpOE€HMs, CTPYKTYphl M IPEBPALLEHUS
XMMHYECKHX BEIIECTB
2 A Yro TaKkoe BOCIIPOM3BOAUMOCTH Pe3yJIbTATOB aHAJIN3a? 1 6amn
A Drta Mepa TOro, Kak MOBTOPSIIOTCS PE3YJIBTAThl IPU MHOTOKPAaTHOM | IPaBUIIBHBIN
MIPOBEACHUH aHAIIN3a OTBET
b Tlapamerp, xapakTepu3yrouuii OJU30CTh IKCIIEPUMEHTAIBHBIX U
HCTHHHBIX 3HAUCHUH U3MEPAEMON BEIUYHHEI
B OTO MUHHMANbHOE PACX0XKICHHE MEXAYy pe3ylbTaTaMH,
MIOJTYYEHHBIMU ITPH MCIIBITAHUH OJTHOM NpoOBI
3 A Yro TaKkoe CTAHJAPTHU3ALMSA pacTBOpa? 1 6an
A DTO yCTaHOBIIEHUE €r0 TOYHON KOHIIEHTpAaIUU MIpaBUJIbHBIN
b IlIpurorosneHue pacTBOpa U3 CTaHIapTa OTBET
B VYcraHnoBneHue cpoka rogHOCTH pacTBopa
4 b Yro W3 TPEICTABJIEHHOI0 SIBJIseTCsl METOA0M mpoBeaenus | | 6amn
Ka4yecTBEHHOro aHaau3a? MIPaBUIIBHBIH
A TpaBUMETPUYECKUI METOL, OTBET
b npoGwuerii aHanm3
B  Ouoxumuueckwuii
5 B Ipu uaeHTHPUKANMM KATHOHA KaJus HCHOJAL3YWT pacTBop | | Oan
HaTpusa rekcanuTpokodansTata (III). Kakoii kaTmoH Memaer | IpaBHIBHBIN




onpeaeaeHUI0 KaJus MPH MOMOIIH 3TOMH peakuuu? OTBET
A Co*
b Na*
B NH*
6 b YyBCTBUTEIbHOCTh PeaKIUil ompeaessieTcsl IBYMSI OCHOBHbIMH | 1 6amn 3a
KpUTEepUsIMH: MIPaBUJIbHBIN
OTBET
A TemmepaTypoi U IaBJICHUEM,
b o0HapyxuBacMbIM MHHAMYMOM U MHHAMAJIHOW KOHIICHTPAI[HECH,
B MuHHMaJIbHOM KOHILIEHTpAlMEN U TEMIEPATYPOU.
7 T O0beKkTaMu UccIe0BAHNS B AHATUTHYECKOI XUMUM SIBJISTIOTCS: 1 Oamn 3a
A arMmocdepa, I04Ba U HOJIE3HBIE HCKOTIAEMBIE; MIPaBUJIbHBIN
B pacreHns m KUBOTHEIE, OTBET
B uenosek;
I’  Bcé BBIICNEPEUHCICHHOE BHIIIE.
8 b K xuMHYecKHM MeT01aM aHAJIN32 OTHOCUTCH: 1 6amn 3a
A doromerpus; [IpaBUJIbHBIN
b rpaBumerpus; OTBET
B noreHunomerpus;
9 A B kavecTBe NEPBHYHBLIX CTAHJAPTHBIX BeIECTB HCHOJB3YHOT | 1 Oan 3a
coelMHeHHUs, o0/1aaoIKe CJeAYIOIMMU TPeOOBAHUAMM: MIPaBUJIbHBIN
OTBET
A cocTaB COGMHEHUS CTPOTO  COOTBETCTBYET (hopMyIIe;
b coenvHeHue HEpaCTBOPUMO B BOJE;
B coenuHennme netyde;
I' coenuHeHue TEPMOYCTOMUYHUBO.
10 b Kak roroBsiT pacTBOp Mo/a AJisl HOAOMETPHYeCKOro THTpoBaHusi? | 1 Oamn 3a
MIpaBUJIbHBIN
A pacTBOPSIOT HaBECKYy HOJa B BOJIC. OTBET
B pacTBOpSIFOT HaBECKY MOIa B KOHIICHTPHPOBAHHOM PacTBOPE Kallus
nomuaa M pa3zdaBIgIOT BOAOH;
B ucnonb3yroT 3TUIOBBIA CIUPT KaK PACTBOPUTEIIH
3agaHusl OTKPBITOr0 THIIA
1 Ipennoxkure cxemy paszaejeHus CMeCH, COCTOsIIIEH U3 4 Ganna
K+, Ag+, Pb2+
IIpaBuabHbI 0TBET (KJ104):
1. OtaeneHnue HOHOB cepedpa U CBUHIIA. 1 Gann
OcaxxgaeM HOHBI cepedpa U CBHHIA T00aBICHHEM K HCCIIeAyeMoMy pacTBopy 2 M pactBopa HCIL.
Benvre amopdHBIE XTOpHIEI HEPACTBOPUMEI B BOJIE B Pa30aBICHHBIX PACTBOPAX KHCIIOT.
Ag'+Cl'— AgCl]
Pb*" + 2Cl — PbCl,|
Crnenyer m3berath m30bITKa Oompmroro m30biTka HCl BeienctBue o0Opa3oBaHUS pacTBOPHMBIX
XJIOPUIHBIX KOMIUIEKCOB
AgCl|+HCl—H[AgCl]
PbCl, + 2HCI = H,[PbCl4]
2. OrtgaeneHue u onpeesieHne CBUHIIA.
Hcnonp3ys XOpoOIIyro pacTBOPUMOCTh XJIOPHJA CBHHIIA B TOpSYEeH BOJE, M3BJIEKAEM CBHHEI U3
ocajka XJIopuaoB. [IpoBoarM KadeCcTBEHHBIE PEaKIIMK Ha CBUHET
Pb?" + 2I" — Pbl, | 0camok 30JI0THCTO-KENTOTO LBETA 1 Gamn
Pb*" + CrO4* — PbCrO4 | *enTslii ocagok
3. OrtneneHue U onpeaencHue cepedpa.
Ocanok xyopuma cepeOpa pacTBOpseM B aMMHAaKe M IMPOBOJMM KAaYEeCTBCHHBIC PEaKIUU HA HOH
cepeoOpa.
AgCl + 2NH4OH — [Ag(NH3),]Cl + 2H,0
IIpu neiicTBUM a30THON KHCIOTHI aMMHAYHBI KOMITJIEKC cepedpa pa3pyliaeTcs U CHOBA BBIMAIACT
OerbIit ocasok XJopuaa cepedpa
[Ag(NH3),]Cl + 2HNOs = AgCl | + 2NH4" + 2NO3 - 1 Gann

OemnbIit
TBOPOXKHUCTBIN 0CaTOK
Takke KOMIUIEKC MOKHO pa3pyLIUTh AEHCTBUEM HOAUAA KaJUs
[Ag(NH3),]Cl1 +KI=Agl | + 2NH3 + Cl -+ K*
JKEJITOBATBIN 0Cal0K




4. Omnpenenenue kanus. B pacTBop mociie oT/eNeHnss HOHOB cepedpa W CBHHIA A00aBisieM
arieTaT HaTpHUs, YTOOBI cO3AaTh CIabOKUCTYIO cpexy. s onpeneneHust Kajaus ¢ IIOMOIIBIO
kobampTuHUTpUTa HaTpus Naz[Co(NO2)s] pacTBOp ITODKEH OBITh HEHTPaTbHBIM HITH
CITa0OKHCITBIM.

2K* + 3Na" + [Co(NO2)s]* — KaNa[Co(NO,)s |
JKENTHIN
KPUCTAJLUTUUCCKUI 0CaIoK
OTH Ke YCIIOBHS MOAXOMISAT JIS KAUECTBCHHOW PEaKIMd WOHA KaWs C THIPOTAPTPATOM HATPUS
(BUHHOI KHCIIOTOM).
K"+ NaHC4H4s0 — KHC4H406l + Na*
OebIit
MEJKOKPHCTAITHYECKIH 0CaJOK

1 Gamn

Hroro:
4 6amia

2 Omnpenenenne cyab(ar-uOHA TIpPaBUMETPUYECKHUM METOAOM. N3noxurs
CYIIHOCTH METO/Aa AHAJM3a M PACCYUTATH MACCOBYIO 10JII0 cyJb(aTa B HaBecKe
cyab(haTa HATPHUS MO NOJTYYEHHBIM AAHHBIM.
m (Na2S04) = 0,3051 r; m (BaS04) = 0,4561 r

4 6amna

IIpaBUABLHBII 0OTBET (KJIIOY):

1. CymHocTs METO/a 3aKJII0YaeTCsl B OCAKACHUU Ccyab(ar-noHoB pactBopoMm BaCl, B Buae
BaS04. Bo wu30OexaHwe oOcakICHUs JIpyrux cojed Oapuss M MOJMy4eHUs
KPYMHOKPUCTAJUTMYECKOT0 0CaJIKa OCAXKICHUE Cyb(aT-HOHOB HEOOXOAUMO MPOBOUTH M3
rops4ero NoAKHciIeHHOro pactBopa. ConepikaHue CyibdaT-nOoHa ONpEAeNIIOT 0 Macce
MPOKAJEHHOTO 0Ca/IKa.

SO4* +Ba* — BaSO04]

2. Tlepen xonm4yecTBEHHBIM OTIPEICIICHUEM CYIb(aT-MoHa IPOBOIAT KAaYeCTBCHHYIO P00y Ha
ero Hajauuue B BOAHON BBITSKKE. [lomkucistor 10 M BOOHON BBITSDKKH 1—2 KamigMu
10%-ro pactBopa HC1, npubasistot okoso 1 mi 10%-ro pactBopa BaCl; u Harpesarot 1o
xunenns. Ecim pactBop He MyTHeeT, S04* OTCYTCTBYET; €CIM HOMYTHEHHE Ciaboe,
conepxkarcst «cnefbl» S04%7; ecld BBINAJaeT O0CaA0K, HEOOXOAMMO KOJIMYECTBEHHOE
ompejieNieHue.
3. Xopx aHanuza.
Bepyt nunerxoit 10-50 mMi1 BOAHOI BBITSDKKY B XUMHYeCcKHH cTakad Ha 100 M1, moaxucisioT 1-2 mi
10%-ro pactBopa HC1 u nHarpeBator no kumenus. Ocaxnaior cynbdar-uoHsl ropsauM 10%-m
pactBopoMm BaCl,, mpubaBmsisi ero mo KamisiM M3 MUNETKH B KOJIUYECTBE 1-5 MII M TIIATENBHO
pa3MernuBas KaXIyro Karmo ocaauTelns. CTakaH 3aKpBIBAIOT YaCOBBIM CTEKIIOM, KHIIATAT 2-3 MHH
Y OCTaBJISIOT Ha 2-3 4 B TEIJIOM MECTE.
Ocamok OTQWIBTPOBBIBAIOT dYepe3 IUIOTHBIA (QHUIBTP, NPOMBEIBAIOT €ro TOps4Yeil BOIOH,
nogkucieHHoi 10% HC1, mo mcuesHoBenus peakmunm Ha Ba (mpoba ¢ 10% H»S04). Ocamok ¢
(bUITBTPOM MOJCYIINBAIOT, IIOMEIIAIOT B IPEABAPUTEIHHO MPOKAIICHHBIN H  B3BEIICHHBIN THTCIb U
CTaBAT B ropsiuyto My(denbHYIO 1edb JUls MPOoKaMBaHus Npu TeMieparype He Bbie 600-700°C B
teyenune 25-30 MuH, 10 TeX MOp, MOKA OCAZOK HE CTaHeT OelbIM. 3aTeM THUrelb OXJIAKIAIT B
HKCHUKATOPE U B3BEIINBAIOT.

4. Pe3ynbTaThl aHANU3a BBIYUCIISIOT 1O (GopMyJie
m (S04) = m BecoBoit ¢opmbl eF , riue

M orpezessieMoro BelecTBa

F IPaBUMETPHUECKUH (hakTop uian (hakTop mepecyeTa
M BecoBoit $opMbI ( p p (b P (b p 1iep )

OnbITHBIE JaHHBIE: M (Na2s04) = 0,3051 r; m (Basos4) = 0,4561
96,064 u 233,404 — mounekynsipusie Maccel S04 u BaS04.

_ J606d 0,4116
T 133,404

m (S04) = 0,4561 «0,4116 = 0,1877 r

w (S04) = 0,1877+100/0,3051 = 61,52%
Ortsert: 61,52%

1 Gamn

1 6amr

1 6amn

1 Gamn

Hroro:
4 6amna

3 | Kakue ocHOBHBIE Onepaliy BbINOJIHSIOTCS MPU KAYeCTBEHHOM aHaau3e?

3 daiuia

IIpaBuabHbBIA 0TBET (KJII04):

1. Harpeanue u ynmapuBaHue pacTBOPOB IIPOHM3BOJHTCS Ha BOJSHOMN OaHe B MPOOUPKAX WITH
(aphopoBBIX YaIIKax.

2. OcaxjeHue W OTHelleHUE ocajka. [Ipu MpOBEACHUU OCAXKICHUS B MPOOUPKE HCXOIHBIH
00BeM pacTBOpa HE JOJDKEH MpeBbImaTh 2 Mi. llocie co3maHus HyXHBIX ycioBuil (pH,
MacCKHPYIOIIUNA areHT, TeMIepaTypa) OCaJHuTeIh BBOJAT MO KAIUIIM M TEPEMEIINBaIOT
colep)KUMOe TMPOOUPKU CTEKISIHHON manoukod. Ecnm ocaxkaeHWe HCIOIb3yeTcs Jist
pa3fencHus WIN YHaJCHHUS MOHOB, TO 00S3aTENbHO MPOBEPSETCS TONHOTY OCAXKICHUS
BBEJICHUEM B pacTBOp Han ocaakoM 1—2 kamenb ocaautenst. OTHENSIOT  0CagoK OT

1 6amn




pacTBopa IeHTpU(YrupoOBaHUEM IO JEHCTBHEM EHTPOOESKHOW CHITBL.

3. IIpomrbiBanue ocanka. J{71s OTAETICHNS OT OCaKa COAECPIKAIINXCS B PACTBOPE KOMITOHEHTOB.
Omnepariuro MOBTOPAIOT HECKOIBKO Pas.

4. PactBopeHme ocanka. PacTBopeHHe ocamka TpPOW3BOIAT JUIS AaJbHEHIIEro aHaim3a
TBEpIO (ha3bl WK TPU U3YYCHUU CBONCTB MAJIOPACTBOPHMOTO COCTUHCHUSI.

5. DBblnojaHeHWe TPOOUPOUHBIX, KANEIbHBIX W MHUKPOKPHCTAIMYCCKUX PEAKIMN IS
UICHTU(UKAIIUN BEIICCTB MPH MOMOIIY KAYSCCTBEHHBIX PEAKIIUN. .

6. BroinonHnenue xojoctoro ombiTa. [Ipu mpoBegeHun peakuuid OOHApYKEHUS TOJIE3HO
CpaBHUBATh HAOMIOAaeMblid 3(PQGEKT ¢ Pe3ylIbTaTOM XOJIOCTOTO OIBITa, B KOTOPOM
HCIOJIb30BAJIUCh BCE TE JK€ PEAreHTHI U B TEX K€ YCIOBUAX, YTO U B OCHOBHOM OTIBITE, HO B
OTCYTCTBHE OTKPHIBAEMOTO HOHA. 3aKIIOYCHUE O HATHINH HOHA B CHCTEME MOKHO JeTIaTh
JIIIH B TOM

1 6amn

1 Gamn

Hroro:
3 dauta

4 Kakue mnpeaBapuTe/ibHbIe HCHBITAHUS NPOBOAAT NPH AaHAJIU3e HEHM3BECTHOIO
BelecTna?

3 bata

IIpaBuAbHBII OTBET (KJIIOY):

1. OueHKa BHELTHETO BHUAAa HEN3BECTHOTO BEIIECTBA, arPETAaTHOTO COCTOSIHUS, IIBETA, 3aIaxa.

2. OxpamBaHie HECBETAILIECTOCS INIAMEHHU ra30BOH TOPEIKH Pa3IMIHBIMH JIEMEHTAMH.

3. Harpeanue B TpyOKe win dapdopooii gamike (600 °C): a) mosiBIIicHHE BOJBI, YTO YKA3bIBACT HA
MPUCYTCTBHE B HCCIEAYEMOM BEIIECTBE COECIUHEHUH, COAep KallluX KPUCTAIN3allMOHHYIO BOAY,
THAPOKCUIOB, OPTaHUYECKUX BELIECTB, OCHOBHBIX WIIM KHCJBIX COJIeH; 0) MosBIeHHe 0el1oro i
I[BETHOTO HajeTa (BO3TOHKA); B) M3MEHEHHE OKpPACKH; TI) BBIJICJIEHHE JIETY4HUX IPOIYKTOB
pasnoxeHust yKa3blBaeT Ha IIPUCYTCTBHE HEKOTOPHIX aHUOHOB: CO, - kapboHaToB, SO, - Cynb(HUTOB
¥ THOCYJTBb(ATOB THKEIBIX MeTaJutoB, NO; - HUTPAaTOB ¥ HUTPUTOB, Br, - GpOMHIIOB B IPUCYTCTBUU
OKHCIIUTENEH, [; - HOOUIOB B IPUCYTCTBUU OKUCITHTENCH.

4. [Momy4yeHne oKpanIeHHHIX mmepiioB. [Ipn HarpeBaHuu BemecTBa ¢ TeTpadoparoM Hatpus (NaxB407)
i ¢ Harpuiammonuiruapodocdparom (NaNH4HP04) B ymke miaTWHOBOM WM HHUXPOMOBOH
MIPOBOJIOKH 00pa3yeTcs XapakTepHO OKpaIIeHHBIH mepi (CTeKioo0pa3Has OycHHKa).

5. BoznelictBue cepHoil kKuciaoToil. IIpyu KMCIOTHOM Pa3yioKEHUN CEPHOM KHUCIOTOH BBIAEISIOTCS
ra3oo0pa3Hble IPOAYKTHI, KOTOPBIE ONPEACIAIOTCS 110 LIBETY MIIHU 110 APYTOH XapaKTepHOM peakuuu.
Kucnornoe paznoxenne 1M HSO4  MCIONB3YIOT Uit ONpenesieHHs aHHWOHOB: KapOOHarT,
THOCYIIBGAT, CYIb(UT, CYIb(UI, HUTPUT- HOHOB.

I[Tpu nevictBun koHueHTpupoBanHoi HoSO4 BeIIEISAIOTCS clieayromye ra3sl, coorserctBytonue: Cly
- xaopunaMm, NO, - autpatam, CO - okcanaram, O, - mepokcuam, OKCUIaM, THAPOKCUIAM.

6. PactBopenue. /[l mepeBoia TBEpAOro BeELIECTBA B pacTBOP MPHUMEHSIOT CTPOro
MIOCJIC/IOBATENIbHOE PAacCTBOPEHHE OT/AEIBbHBIX €ro 4dYacTeil NpuW KOMHATHOW TeMIeparype H
HarpeBaHUU B cienyronmx pacteopax: 1) B H>O; 2) B CH3COOH; 3) B pa3oasnennoit HC1 (2 M);
4) B xoHneHTpupoBanroit HC1; 5) B paz6asmennoit HCI + H,0»; 6) B 30%-om NaOH; 9) B 25%-om
NH4OH; 10) B HACBHITIIEHHOM PAaCcTBOPE COJBI MIPH HarpeBaHUM (COIOBas BBITSKKA);

7. OOHapyKeHHe OKHCIHTENeH W BOoccTaHOBHTENeH. OKUCIUTENN OOHAPYKHUBAIOT NEHCTBHEM Ha
aHanmusupyemoe BemiectBo cmecu KI + H,S04, BoccTaHOBHTENN 00HAPYKUBAIOT JIeHiCTBHEM CMecei
KMnO4 + H,S04, I + HyS04

1 6amn

1 6amn

1 Gamn

Hroro:
3 Gaiuia

5 Xo1 cHCTEeMATHYECKOT0 XHMHUY€ECKOI0 aHAJIN3a HEM3BECTHOI0 BENIeCTBA.

3 daiuia

IIpaBuabHbBIH 0TBET (KJII04):

1. CucremaTHdecKuil aHANN3 MPEAYCMAaTPHUBACT Pa3lIeleHHEe CMECH aHAIM3UPYEMBIX HOHOB
[0 AHAJIWTHYECKUM TpyIIaM C TOCJIEAYIOMHUM OOHapy)XKeHHEM KaXIO0ro HOHa.
CucreMaTHuecKOMy aHaJM3y HAa KAaTHOHBI M HAa AHMOHBI BEUIECTBO IOABEPTAIOT MOCIE
[IPEBAPUTEIIbHBIX MCIBITAHUM M pacTBOpeHMs.. KaTHOHHBIM COCTaB HCCIENYEMOrO
00BeKTa maeT mH(pOpMAIHIO U 00 AaHHOHHOM COCTaBe, TaK KakK MPHUCYTCTBHE HEKOTOPHIX
KaTHOHOB HCKJIFOYAeT BO3MOXKHOCTH IIPHUCYTCTBHUS OTIEIBHBIX aHHOHOB WIJIH JaKe IEJBIX
UX TPy

2. BeiOuparor MeTOA CHCTEMaTHYECKOTO aHaIN3a: KHCIOTHO-OCHOBHOHM, CYIb(QUIHBIH,
amMMmuagHo-(ocdaTHbIi U ap.

3. OOHnapyxeHHE KaTHOHOB. JleHCTBYs TIpyINIOBBIMH pEakTHBAaMH B ONpPEIeNICHHON
MOCJIC/IOBATENILHOCTH (COTJIACHO BHIOPaHHOMY METOAY aHalW3a) CHadaua paszessiorT
TPYNIIBI KATHOHOB. 3aT€M IIPOBEAS pa3/ieleHNne KaTHOHOB BHYTPH T'PYIIIBI, BBITIOIHSIOT
AHATMTHYECKHUE PEaKIMH, MPU KOTOPBIX KaXKABIH HMOH OOHApYXHBAIOT IOCIE TOTO, Kak
OynyT oOHapy)XeHbl W yAaJIeHbl APYrue HOHBI, MEMIAIONINE ero OOHapy)KEHWI0. 3aTeM

1 6amn

1 6amn

1 6amn




AHAJIOTUYHO IIPOBOJAT aHAJIM3 HA aHUOHBI.

Hroro: 3 6amnd

6 Yro Takoe TuTpUMeTpuYeckuii anann3? Kakas mocyna m npugopsl HCNOIL3YIOTCS
TPH €ro NpuMeHeHun?

3 Gauta

IIpaBUABLHBII OTBET (KJII0OY):

1. Twurpumerpuueckuii aHanu3 (0OBEMHBIM) - MeETOJ KOJMYECTBEHHOIO aHaln3a,
OCHOBaHHBIH Ha TOYHOM H3MepeHHH 00bEMa pacTBOpa peakTHBAa TOYHO W3BECTHOU
KOHLEHTPAIlMH, pPACXOJIyeMOro Uil pEakUu C ONpPEACIIEMBIM BEIECTBOM.
TurpoBanue - mporecc MOCTENIEHHOTO MOPIMOHHOTO MPUOaBIEHHs pacTBOpa peareHTa
(TUTpaHTa) K UCCIEAYEMOMY PacTBOPY 10 JOCTH)KEHHSI KOHEUHON TOUKH TUTPOBAHHUS,
KOTOpast (PUKCUPYETCsI 110 N3MEHEHHIO OKPACKU WHIIMKATOpa WK APYTHM ITapaMeTpaMm.

2. K touHO# MepHOIi mocyne, NCHoIb3yeMol B 00BEMHOM aHANIN3e, OTHOCATCS MEPHBIC
KOJIOBI, TATICTKH U OIOPETKH.

MepHble K0I0BI HCHOIB3YIOT AT Pa30aBICHUS HCCIEAYEMOTO PacTBOpa J0 ONPENEICHHOT0 00beMa
W Ul TIPUTOTOBJICHUS IEPBUYHBIX CTAHIAPTHBIX PACTBOPOB.
[IuneTky NCTIONB3YIOT U TOYHOTO OTMEPHUBAHHMS ONPEIEIEHHOTO
o0BeMa pacTBOpa U IIEPeHOCca €ro 13 OAHOTO COCya B Ipyroi (oThop
IMKBOTHOH yacTH). [TuneTky ObIBalOT IBYX THIOB: MUIETKH Mopa 1 rpajlyupoOBOYHEIE.
Broperka npencraBisiioT co00i CTEKISIHHBINA COCYN LIMIMHAPUYECKOH (OpMBI C HAaHECEHHBIMH Ha
HCTO NCIICHUAMU, OCHaHIeHHI:-Iﬁ 3aKUMOM HJIM KPAaHOM.
Ona 3aKPCILUIACTCA CTPOro BEPTUKAJIIBHO B INTATUBE U 3aNOJIHACTCA TUTPAHTOM.
Bces mepHas mocyna nomxHa coorserctBoBaTth I'OCT.
Taxoke HCTIONB3YIOT KOHMYECKHE KOJIOBI VISl THTPOBAHMS, CTAKaHbl 1 BOPOHKH.

1,5 6amna

1,5 6amna

Hroro: 3 6amid

7 IlepBuuHble U BTOPHYHBIE CTAHIAPTHbIE pacTBOpbl. Crnoco0bl NMPHUIroOTOBJAeHHs. | 3 Oamma
IIpuBecTH MpUMePHI CTAHIAPTHBIX BElIECTB.
IIpaBUABLHBII 0TBET (KJIIOY):
1. CraHmapTHBIM pPacTBOPOM HA3BIBAIOT pacTBOp peareHTa ¢ TOYHO W3BecTHOW | 1 Gamn
KOHLIEHTpaLUeH.
[lepBUYHBIN cTaHNAPTHBIA PACTBOP TOTOBSAT PACTBOPEHHEM TOYHOTO KOJIHYECTBA  YHCTOTO
XIMHYECKOTO BEIIECTBA H3BECTHOTO CTEXMOMETPHUYECKOTO COCTaBa B ONPEACICHHOM TOYHOM
o0beme (B MepHOH Kkoube). CymecTBYIOT JjBa CII0CO0a MPUTOTOBJICHHS IIEPBUYHOTO PAcCTBOpa: a) U3
TOYHOH HABECKH, B3BCLICHHON Ha aHAJIMTHYECKHUX Becax; 0) M3 CTaHIAapT-THTpa (TOYHAs HaBecka
3amasiHa B aMITyJie)
2. BTOpUYHEIN cTaHIAPTHBIA PacTBOpP TO PacTBOP, KOTOPHIH HEBO3MOXKHO MPUTOTOBUTH IO
TOYHOW HaBeCKe, BCJIEACTBHE TMI'POCKONMYHOCTH MM HECTEXMOMETPUYHOCTH cocTaBa. | | Gamn
KoHueHTparyst BTOpUYHOTO CTaHIApPTHOTO PAacTBOpa YCTaHABIMBAETCS CTaHIApTHU3AIEH
M0 TICPBUYHOMY CTaHAapTHOMY PacTBOPY WM Ha3bIBacTCS CTaHOapTH3amed. Bropudnbie
PacTBOPHI TOTOBSAT U3 HABECKH, B3ATON Ha TEXHHYECKIX BecaxX U ITyTEM pa30aBlieHHs Oolee
KOHIICHTPHUPOBAHHBIX PACTBOPOB.
3. Ilpumepsl craHAapTHBIX BewiecTB. JIJisi KUCIOTHO-OCHOBHOroO Merona - NaxB4O7-10H20,
H>C,04:2H,0, NayCOs; mas oKHCIUTEIbHO-BoCcCTaHOBUTEIBLHOTO - KoCroO7, NaxCrOs,
H,C,04:2H,0; niist ocaputensroro — NaCl; s kommiekconomeTpuueckoro MgSQO4+7H,0 | 1 6amn

HUtoro: 3 6amid

8 Ha 4yem ocHoBaH noTeHnuoMerpuyeckuii Meroa Tutposanusi? Kaxoe o6opynosanne
HCI0JIb3YeTCsl B 3TOM MeToJe? Oco0eHHOCTH MCI01b30BAHUS 3JEKTPOJOB.

3 damia

IIpaBuabHbI 0TBET (KJ104):

1. TloTeHumOMeTpHUYEeCKHH METOJ aHaJiW3a OCHOBAaH Ha 3aBHCHMOCTH pPaBHOBECHOTO
anextpoaHoro noreHmana (E) ot aktuBHOcTH (a) min KoHueHTpanuu (C) BemecTBa B
pacTBope.

2. B panHOM MeTone Ul MPOBEACHHS U3MEPEHHMH HCIOJB3YIOT TalbBAHUYECKHUN JJIEMEHT,
BKIIIOYAIOLIUH J1Ba 31EKTpoJa. DNEKTPOJ, MOTEHIMad KOTOPOTro 3aBUCUT OT aKTUBHOCTH
(KOHIIEHTpaLWK) OINpENETIeMbIX HOHOB, Ha3bIBAETCS WHIMKATOPHBIM. Jlisi M3MepeHus
NOTEHIMada WHAMKATOPHOIO 3JEKTpoJa HPHUMEHSIOT BTOPOIl AJEKTPOA — DSIEKTPOJ
CpaBHEHMs, MOTEHIMA] KOTOPOro MOCTOSIHEH U HE 3aBHCUT OT COCTaBa aHAIH3HPYEMOro
pactBopa. [l wm3MepeHHMs NOTEHNHANa >3JEKTPOJIbl MOJKIIOYAl0T K  HOHOMEpPY U
m3mepsaoT 3/IC rarpBaHHYECKOTO HIIEMEHTa.

3. VIHOuKaTOpHBIE DJJEKTPOABI  TEpel  NPUMEHEHHEM  JIOJDKHBI  OBITh  MPOMBITHI
JUCTWUTAPOBAHHOW BOJOW. V3MUIIKM BOABl YHANSIOTCS aKKypaTHBIM IIPOMOKAHHEM
dunpTpoBanbHOl Oymaroil. CepeOpsHBIN 3JIEKTPOJ CHadalla MPOMBIBAIOT PAcTBOPOM
THOCYNb(aTa s yJaleHus rajlorTeHUI0B cepedpa U TOJIBKO ITOTOM BOIOM.

[Ipu ucnonb30BaHUY XJIOPCEPEOPSIHOTO AIIEKTPOAA CPAaBHEHUSI HEOOXOANMO CIIETUTD 32 TE€M, YTOOBI
BHYTPb OJIEKTpOJa OBIT 3aJUT HACBIIEHHBIH pacTBOp xjopuaa kamuwsa. [lpm mpoBeneHnu
MOTEHIIMOMETPUYECKIX M3MEPEHHH ypOBEHb BHYTPEHHETO PACTBOPA XJIOPCEPEOPSHOTO AIIEKTPOAA
JIOJDKEH OBITh BBIIIE

YPOBHSI aHAJIU3UPYEMOI'0 PacTBOPA.

1 Gamn

1 6amr

1 6amn

HUroro: 3 6amid




9 YT0 JIeKUT B OCHOBE a0COPOIMOHHOI cnekTpockonun? MoToMeTpUYecKHe METO/IbI
MOJIEKYJISIPHOTO a6copOIMOHHOr0 aHaau3a. TexHnka IKcepuMeHTAIbHBIX pagor.

3 6auta

IIpaBUABHBII OTBET (KJIIOY):

1. B ocHoBe abCOpOIMOHHOM CIIEKTPOCKOTIMH JIS)KHUT SIBIIEHUE TIOTJIONICHHUS CBETa aTOMAaMHM
n Moiekynamu. KommdecTBeHHOH Mepoid CIIOCOOHOCTH TIOTJIOMIATh CBET CIYKHUT
OINTHYECKas MIIOTHOCTS (A)

Io
A=lg—
I
rzae lo — ’HTEHCUBHOCTB NAaAIOIIETO CBETA; | — MHTEHCHBHOCTD CBETA,
MPOIIEAIIETO Yepe3 pacTBOP. 3aBUCUMOCTh ONTHYECKOH IUIOTHOCTH OT KOHIEHTPAIMH PacTBOpa
BeIpaXkaeTcs 3akoHoM byrepa — Jlambepra — bepa

A=¢lC,
riae A — ONTHYECKas IUIOTHOCTE (MJIM CBETOMOIIOIIEHHUE); € — MOJISIPHBIH
Koo duimeHT cBeTonomomenys; | — TommuuHa mornomammero cios;  C — MonspHas

KOHIICHTpPAIHS BEIECTBa B PacTBOPE.

2. K doromerpudyeckuM MeTOIaM OTHOCSATCS METOJABI, OCHOBAHHBIC Ha IOTJIOLICHUH CBETa
BerecTBOM B Y ®- u BuanMoii obiactsax. Bkirouatot B ceOst Tpu MeToAA:

a) BU3yallbHasl KOJIOPHMETPHsI (OCHOBAaHA HAa CPABHCHHWM OKPACKH aHAIM3UPYEMBIX M CTAHIAPTHBIX

PacTBOPOB BH3YAIBEHBIM CIIOCOOOM);

0) ¢oroxoropumMeTpusi (OCHOBaHA Ha WM3MEPEHHHM HWHTCHCHBHOCTH CBETa, MPOIIEAIIETO dYepes

OKpAaIICHHBIN pacTBOP, POTOIIEKTPHIECKAM CIOCOOOM C IIOMOIIBIO CHENHATBHBIX TPUOOPOB);

B) crekTpodoTromeTpust (OCHOBaHAa Ha M3MEPEHHUHM MHTCHCHBHOCTH CTPOTO MOHOXPOMAaTHYECKOTO

CBETa, NPOLIE/ILIEro Yepe3 pacTBop, POTOIIEKTPUIECKUM CIIOCOOOM).

3. Ilpwu BeImonHEHNH JIaDOPATOPHBIX padoT 10 (POTOKOIOPUMETPUH U

CHEKTPO(OTOMETPUH UCTIOJIB3YIOT CIICIHUATBHBIC IIACTMACCOBBIC MK

CTEKIITHHBIC KIOBEThI. PaboTast ¢ HUMH, HCOOXOIUMO BBIMIOJIHSIT CIICAYIOIIHE PaBUIIA.

a) rpaHH KIOBET, Yepe3 KOTOPbIe OYET IMPOXOUTh CBETOBOM MOTOK, HA3BIBAIOT PA0OUYUMHU TPAHAMHU.

Ha Hux yka3aHa /JuinHa KIOBETHI (MM) U HAaHECEHa OTMETKA YPOBHS KHUIKOCTH.

0) KIOBETHI ClleyeT JepXkKaTh 3a OOKOBBIE TPAaHH, Yepe3 KOTOphIE HE OyAeT MPOXOIUTH CBETOBOM

MOTOK.

B) mepex paboTOH KIOBETHI HEOOXOIMMO TINATEIHHO BBIMBITE M 00S3aTENbHO HECKOJBKO pa3

OTIOJIOCHYTh AUCTWIIIMPOBAHHON BOZOH, a 3aTeM pabOuUM PACTBOPOM.

T') PacTBOp B KIOBETY HAIMBAIOT A0 CIEINAIBLHON TOPU30HTAIBHOW OTMETKH Ha TPAHHU KIOBETHI.

) TIepe]] TIOMCIICHHEM KIOBET B KIOBETOJCpXKATEeNlb paboYue rpaHd MPOTUPAIOT (HHIBTPOBAIBLHON

Oymaroil. Ha HUX He JOJDKHO OCTaThCsl Kareliek pacTBOpa, BOPCUHOK, OTIEYATKOB MaIbIEB.

K) JUIS TIPEAOTBPAIICHHUS IPOJIMBAHUS PACTBOPOB, HAXOSIIUXCS B

KIOBETAaX, IIepeMelleHrne KapeTKu (pOTOKOIOPUMETpPa HIIH CIIEKTPO(OTO-

METpa OCYIIECTBISIIOT MEJUICHHO U IJIaBHO.

1 6amn

1 6amn

1 6amn

Hroro: 3 6amid

10 | IIpaBusa padoTbl B XMMHYeCKOH J1a00paTopun

3 6aiuia

IIpaBuabHBIH OTBET (KJII0Y):

1. Kareropudeckn 3amperaercst paboTaTte 0HOMY B J1a0OpaTOpUH, TaK KaK B SKCTPEHHOM CiTydyae
OyzeT HEKOMy OKa3aTh IIOCTPaJaBUIEMy MEpPBYIO IOMOIIb M JIMKBHIHPOBATH MOCIEACTBHA
Hey/aBIIeTocsl dKcrepuMeHTa. PaboTaTh ciemyeT TOJNIBKO B OTBEAEGHHOE BpEMs MOJ KOHTPOJIEM
MpernoiaBaTeNs WM IPYrHX COTPYIHUKOB.

2. Heo6xoauMo coOIr01aTh THIIHHY, YHCTOTY U MOPSAIOK. II0CTIETHOCTS ¥ HEPAIITUBOCTE B paboTe
9acTO MPHUBOAAT K HECYACTHBIM ciydasM. Henp3s oTBiekarh OT paboOThI M OTBIEKATh CBOHX
ToBapHILeil. 3ampemaeTcss Iep>kaTh Ha J1a0OpPaTOPHOM CTOJI€ IOCTOPOHHME INpenMeTHl (CYMKH,
y4eOHHUKH U T.1.).

3. Kateropuuecku 3amnpemaeTcs IpUHUMAaTh U XpaHUTh MUIY, TUTh U KypHUTb.

4. Kaxaplil OJDKEeH 3HaTh, T HAXOIATCA CPElICTBA MHIUBHUIyaIbHOM 3aIINUTHI, allTeYKa, CPEICTBA
JUIS TYLIEHUS M0XKapa.

5. B nabGoparopuu HEOOXOJMMO HAXOAWUTHCS B 3aCTETHYTOM XJIOMMYATOOYMa)KHOM Xamarte. JTO
obecrieunBaeT HEKOTOPYIO MHIMBHYJIBHYIO 3alIUTY U TIO3BOJISIET N30€XKaTh 3arps3HEHNUS OJICHKIbI.
6. Ilpuctynats K paboTe MOXHO OCJIE YCBOCHHUS BCEH TEXHHUKH €€ BHITIOJTHEHHMS.

7. Henw3s NmpoBOAUTH OMNBITHI B TIPSI3HOM MOCyZA€ M CIEAYET MBITh Cpa3zy MOCIE OKOHYAHUS
SKCIEPUMEHTA.

8. Kareropmuecku 3ampemniaercss mpoOOBaTh XUMHUECKHE BellecTBa Ha BKyc. HioxaTe BemecTa
CIIeZyeT OCTOPOXKHO, HE MTOTHOCA COCY OJIM3KO K JIUITY, a JINIIb HAMIPaBJIssA K ceOe maphl MU Ta3bl
JIETKAM JBIDKEHHEM PYKH, IPU 3TOM HE CJIeAyeT NesaTh HMOJHBINA BAoX. JKuWakue BemecTBa U
pacTBOpHI 3amperraeTcss HaOUpaTh B MUIETKH PTOM, I 3TOTO HEOOXOAWMO HCIOIB30BATh
PE3MHOBBIE TPYILIH U IpyTrUe NPUCTIOCOOICHHS.

9. B mpormecce paboThl HEOOXOIUMO CIEIUTh, YTOOBI BEHIECTBA HE IMOMAJAId HA KOXKY, TaK Kak
MHOTHE U3 HUX BBI3BIBAIOT Pa3ApaKeHNUE U 0XKOTH KOXKH U CIM3HCTBIX 000JIOUEK.

10. 3anpeniaercst HarpeBaTh, CMEIIUBATh U B30AITHIBATH PEaKTUBBI BONM3H Juna. [Ipun HarpeBaHuu
HEJb3sl JIepXKaTh NMPOOMPKY WM Koj0y OoTBepcTHeM K cebe WM B HAIpaBlICHHH pabOTalolero
TOBApUILA.

1 6amr

1 Gamn

1 6amn




13. 3ampemeHO BBUIMBATH B PAaKOBHHY OCTATKA KHCIOT ¥ IIENOYEH, OTHEOMacHbIX |
B3pBIBOOIIACHBIX, 4 TAKXKE CHJIBHO NMAXHYIINX BEIIeCTB. /[ cimBa 3THX BEMIECTB B BBHITSIKHOM
mKaQy MOKHBI HAXOMUTHCA CHENHAJIbHBIE COCYABl C IDIOTHO MPUTEPTHIMH KpPBIIKAMH U
COOTBETCTBYIOUTIMH ITHUKETKAMHU

Hroro: 3 6amnd

OIIK-6 Cnoco0eH IIpeacTaBisTh pe3yabTaThl N1POodeCCHOHANILHOM IEITENLHOCTH B YCTHOM M MUCbMEHHOM opMe B

COOTBCTCTBHMM C HOpMaMH W TNpaBHJIaMH, HNPUHATBIMHU B HDOd)eCCI/IOHaJ'IBHOM COOGHICCTBC (KO[[, HanMCHOBaHHC

KOMITETEHITUH)
Homep | IIpaBuibHBII Kpurepun
3aJ1aHd | OTBET (KITI0Y) OLIEHUBAHUSI
P’ ConeprkaHue BOIpoca/3agaHus 3alaHuNA
3amaHus 3aKpPHITOro THNA
1 b C kakoil TOYHOCTHIO B3BelIMBAeTCS HaBecKa Ha TeXHHMYecKux | 1 6amn
Becax? IIPAaBUJIBHBIH
A 0,001 OTBET
b 0,01
B 1
r 10
2 B KaxoBa oTHOCHTe/IbHAsI HOTPENIHOCTH BECOBOI0 MeTo/1a aHaau3a? | 1 Oan
A 10% MIPaBUIIBHBIH
B or1% mo0, 1% OTBET
B or0,1 m00,01%
r %
3 B Yemy paBen pH B kucJioii cpene? 1 Oamn
A 7 MIpaBUJIbHBIN
b 7 OTBET
B 3
r 10
4 b Kak npaBHJIbHO onpeejuTh TOYHYI0 HABECKY BellecTBa? 1 Oamn
A Ha aHAIUTHYECKUX Becax NPaBHJIbHBIN
b cHauana Ha TEXHHYECKUX,  IOTOM Ha aHAJMTUYECKHX OTBET
B pacuerHbIM ITyTEM
I" Ha TexHHYECKHX Becax
5 b Cnoco0bl BbIpaKeHHs] KOHIIEHTPAIMU THTPOBAHHBIX PACTBOPOB: 1 6amn
A MaccoBast 1O IIPaBUITBHBIH
b MomspHas KOHIEHTpaNHs YKBUBAJICHTA OTBET
B mporeHTHas KOHIICHTpANUs
6 A Kakasi koHIeHTpamusi Ha3bIBaeTcsl MOJISIPHOW KoHIeHTpamuei | 1 Oasn
IKBHMBaJIleHTa? IIPaBUJIbHBIH
A) HOpMaibHas OTBET
B) npouenTHas
B) wmaccoBas.
7 B Ecau B pactBope pH =7, TO pacTBOp fABJIAETCH: 1 6amn
A c1aboIenoYHbIM NPaBHJIbHBIN
b wmenounem OTBET
B HeliTpanbHbIM
I'  kucapim
8 b IIpenenbHasi KOHUEHTPALUS BbIPAXKAETCH B: 1 Oas
A MwDTIITATpax (M) MIPABUJIBHBIH
b muxporpammax (MKr) OTBET
B rpammax Ha MummmaMTp (T/MI1)
9 B B xakux equHHMIaX H3MepsieTcsl THTP? 1 Oan
A Monp/n MIPaBUIIBHBIH
b % OTBET
B r/Mn
I" MONB-2KBUBANECHT/TT
10 A Kakasi KOHIEHTpalusl Ha3bIBaeTcs MOJISIPHON KoHUmeHTpammeit | 1 6amn
JKBHBAJICHTA? IIPaBUIIbHBIH




A) HOpMaITbHAS OTBET
Bb) mpouenTHas
B) maccoBas
3agaHus OTKPHITOrO THIIA
1 OdopmieHue 1a00paTOPHBIX padoT U COCTABJICHHE 0TYETA 3 Gamna
IIpaBuabHBIH OTBET (KJII04):
B otyer o nabGoparopHoii paboTe 00s3aTeNbHO 3aHOCAT PE3YJIbTAaThl BCEX H3MEPEHUH (maxe
HEy/lauHbIX) ¥ pacyeTsl. JTO HEOOXOIUMO JUIS NMPOBEPKH MPAaBUILHOCTH BBINOJIHEHHs paOoOTHL. | 1 Gayn
Taxoke 3TO JaeT BO3MOXKHOCTh BHECTH HEOOXOJMMbIE W3MEHEHHS W YTOYHEHHS B BBIIIOJHEHHE
9KCIIEPUMEHTA WM pacyera.
B oruere 00s13aTeIbHO OTpaXKArOTCS:
1) pmara BBIOTHEHUS paboOTEHI;
2) Ha3BaHHE ¥ HOMEp J1abopaTOpHOil padoTHI;
3) mens mabopaTopHOil paboTEHI; 1 Gamn
4) uCTONB3yeMbIe PEaKTHBEI H 000pyJOBaHUE;
5) ypaBHEHHS MPOTECKAIOIINX XUMHUICCKAX PEAKIIHIA;
6) PKCIepUMEHTAIbHBIC JaHHBIC M PAacdyeThl (OYCHb MOJPOOHO, C COOJIOJCHUEM MPABUJ 3aIUCH
pe3yIbTaTOB U €AUHUI] U3MEPEHUIN);
7) Ha MIJIJIUMETPOBOW Oymare WM ¢ MOMOLIBIO KOMITBIOTEPA CTPOSITCS TPalyHpOBOYHbIE TPA(UKH
nu00 KpuBBIC THTPOBaHUs (00s3aTEIBHO BKICHBAIOTCA B J1aOOPATOPHBIA JKypHAN), OTYETHI O
MPOBEICHHOI KOMIIBIOTEPHOI 00pabOTKe TaHHBIX pacleyaThIBalOTCS U MPUKIAABIBAIOTCS K oTYeTy | 1 Gaymn
0 BBITIOJIHEHHOH J1Ta0OpaTOpHOI padoTe.
8) olleHKa MOTPEITHOCTH OIpeIesieH s (TI0CIe IPOBEPKU pe3yIbTaTa IpenoaaBaTeieM).
[Ipu Benenmu padodero xypHaia HEOOXOAUMO YICTATh 0C000€ BHIMAaHHE TOYHOCTH H3MEPEHUN U
3aIHACH UX PE3yTHTATOB HUroro:
3 bama
2 Onpenenenne KPUCTANINZAMUOHHON BOABI 4 6amia
B xuiopuje 6apus. [lopsigok BbINOJHEeHUsI padoThI.
IIpaBUABLHBII 0TBET (KJIIOY):
I Cymmsocts MeTona. KpHCTammM3alMOHHOM Ha3bIBAIOT BOAY, BXOAAIIYKO B CTPYKTYpy | 1 Gamn
KPHCTAJIOB HEKOTOPBIX BEIIECTB — KpUcTayutoruaparos, Hampumep CuSOs; - 5 HxO,
FeSOs - 7 HO wm 1. n Ilpm XpaHeHHH 4YacTO NPOMCXOAWT BBIBETPUBAHUE
KPpUCTAJUIOTHUAPATOB, T. €. HaCTUYHAA WJIH ITOJHAaA MOTEpA UMHU KpI/ICTaHHH3aHHOHHOﬁ BObI
C COOTBETCTBYIOIIUM HW3MEHEHHEM XUMHYecKoil Qopmyibl. OrmpeneneHue BOAbI B
KPHUCTAJUIOTHIpaTaX MPOBOAAT KOCBEHHBIM METOIOM OTIOHKH. MeTol OCHOBaH Ha TOM, 4TO
NP HArPEBaHWU KPHUCTAIDIOTHIPATH PA3NIaraloTCs C BBIACICHUEM BOJBI, Maccy KOTOPO
HaXOJIAT 110 PA3HOCTH MacC HaBECKH JIO M TIOCJIC BBICYITUBAHMS.
2. OOopynoBaHHUe: BeChl TEXHUIECCKHE, BECHl aHAUTHYECKUE, CYITIIILHBIN KA, THTeIEHBIC
IIHIIIBL, SKCUKATOP, OIOKC C KPBIIIKOM.
PeaxTuBbl: IByXBOJHBIN KpucTaioruapar xnopuna 6apus BaCl, - 2H,O
1 Gann
3. Xoa ompenenenusi. Hasecky kpucrtamnoruapata Oepyr maccoid 1,0 - 1,5 r. Comb
B3BEIIMBAIOT Ha KAJIbKE Ha TEXHUYECKUX BecaX. 3aTeM ONpeJelsitoT Maccy MyCToro Orokca
C KPBIMIKOM Ha aHAJTUTUYECKUX Becax ¢ TOYHOCTHIO 10 0,0002 T (A7 3TOro MpoBOASAT TPH
napajiyiCJIbHbIX B3BCHIMBAHUA U IO PE3YJbTaTaM BBIYHUCIIAIOT CPEAHEEC 3HAUYCHUC — rn1).
Ilepen B3BemmBaHHEM OFOKC MOJDKEH OBITH BBICYIICH W Tmoanucad. HaBecky ¢ kambku | 1 Gamn

IMEPEHOCAT B 6IOKC, 3aKpbIBAOT €ro KpLIIHKOfI H ONpPCALIIAIOT MacCy OIOKCa C HaBECKOit
(TaK)Ke MPOBOAAT TPU B3BCHIMBAHHWA U IO PE3YyJIbTaTaM BbBIYHCIISAIOT CPEAHEC 3HAYCHUC —
I’Ilz). I[aHHI)IC 110 B3BCHIMBAHHIO 3aHOCAT B Ta6nnuy.

[lo pasnmne macc OlOKca C HaBECKOM M ITyCTOro OOKCa BBIYHCIIOT Maccy HaBECKH
KpUcTaJIoruapara (ms).
OTKpBIB OIOKC, IIOMEMIAIOT €r0 B CYIIMIBHEINA mKad Ha 30 MuH. 3aTeM TUTETHHBIMH
MIMIIIIAMH TIEPEHOCST OIOKC B 3KCHKaTOp. KphIMmKy Ookca mpH 3TOM HE 3aKpBIBAOT. B akcukaTope
OTOKC OXJTaXKAAIOT 10 KOMHATHOW TemmepaTypsl B TeueHue 10—15 MHH, 3aKpBIBAIOT KPHIIKOH U
MEPEeHOCAT Ha aHATUTHYECKIE BECHI IS TIEPBOTO B3BEIIMBAHMS MOCIIE BRICYIINBaHMI. Maccy coun,
OIIpeJIeTIeHHYIO KaK CpeaHee apu(MeTHIECKOe TpeX MapajlIeNIbHbIX N3MEPEHHH, 3aHOCST B TaOIHILy
(mg4.1). [lanee cHOBa cTaBsIT OIOKC (C OTKPBITOM KPBIIIKO) B CyIIMIbHBINA mKad Ha 20 MUH, HOBTOPHO
OXJIZKIAIOT B 9KCUKATOPE M CHOBA B3BEIIMBAIOT (M4.2). Eciy pe3ynbTaT MOBTOPHOTO B3BEIIMBAHUS
oTaMyaeTcs OT mpenasigymiero He Oomee dyem Ha 0,0002 T, TO MOXHO CYUTATh, YTO
KpHCTaIN3allMOHHAs BOJAa MOJHOCTBbIO YyjaneHa. B NpoTUBHOM cilyyae NOpPOBOJST TPEThE
BBICYILIUBAHKE, OXJIAXKCHHUE U ONpEeAEIeHNEe MACChI (M4 3).

4.  O6paboTKa pe3yIbTaTOB.




Ornpenenenre Macchl HABECKH KpUCTaJLIoruapara ms (T):
ms:=mp—mj.
Ornpenenenne Macchl BOABI ms (T):
ms = My —M42, €CIIM IPOBOIUIIOCH JBA BEICYIINBAHUS,
ms = My —M43 , €CIIM IPOBOJMIOCH TPH BHICYITHBAHNS.
TeopeTtrndeckoe onpeneneHne MaccoBoi qomu Bopl (%):

BaCl, - 2H,O — BaCl, + 2H,0

n =1 Moib n =2 MoJb
M = 244,26 r/moib M = 18,015 r/momnb
m=nM=244,2r m=nM=36,03r
_ m (H20)" 0 % _ 3603100 % _ o
w (H20)reop = m (BaClz 2H20) 24426 14,75%

[IpakTuueckoe onpeneneHue MacCoOBOUM J0au BOJ (%):
m5 (H20) 00%

m3(BaCl2 2H20)
AOCOINIOTHAS MOTPENTHOCTh onpeaencHus Ax (%):
Ax = © (H20)npakT. —® (H20) Teop. .
OTHOCHTEBHAS TOTPEITHOCTE onpeaencHus O (%):
Ax -100%

T (H20)Teop.

® (H20) mpakr.=

1 Gamn

Hroro: 4 6amnd

3 | AHaJIN3 cMecH KaTHOHOB TpeTheli anaauTudeckoii rpynnsl (Ba?*, Sr¥*, Ca?").

3 bamna

IIpaBuabHbIA 0TBET (KJI04):
7. TpeTbs aHanuTHYECKas rPYIIa BKIOYAET HOHBI IIEI0YHO-3EMEIIbHBIX AIEMEHTOB!

Ba?', Sr**, Ca?'. I'pynnoBbIM PearcHTOM KaTHMOHOB TPEThEH aHAJIUTHYECKON TPYIIIBI ABJIAETCS
pa3baBneHHas cepHas KHCIOTa, OCaXJaroIlas HOHBI JTOH TIpymmel B CleAyloIen
MOCJIeIOBAaTeNIbHOCTU: CynbdaT Oapus, cynbdar cTpoHims, cynbdar kanpiusa. CyiapdaTt kanpuus
OCaXJaeTcs TOJBKO B MPUCYTCTBUH 3THIJIOBOTO cnupTa. TakuM 00pa3oM TPEThIO IPYIITY KaTHOHOB
OTAEIAIOT OT KATHOHOB JPYT'HX aHAIUTHYECKHX TPYTIIL.

8. OOopynoBaHME W PEAKTHBBI: NMPOOMPKH KOHWYECKHE M LIIMHIPUYCCKHE, CTCKIISTHHBIC
MaJlo4KH, LEeHTpu(yra, BoasHas OaHs, conu Oapusi, CTPOHLUS M KaJlbIMs, alleTaTHBINA
Oydep, nuxpomar Kanws, rekcannaHodeppar kamus (1), okcamar aMMOHHMS, HACHIIIEHHBII
pacTBOp Cynb(haTa aMMOHHSL.
9. Pazgenenue KaTHOHOB BHYTpPH I'PYMIIBI BEAYT 10 CIEAYIONIEH CXeMe:
A) K HuCclenryeMoMy pacTBOpY JOOABISIOT alleTaTHBIN Oydep U TUXpomMaT Kaius

2 Ba?t + CI‘2072' +H,O - 2 BaCrO4d + 2H'

MeﬂKOKpVICTﬂJ’IJ’IH‘{ECKHﬁ 0caoK

JKEJITOro uBeTa

IIpoBePSIOT MONHOTY OCAXKAECHHS U OTIAENSIOT OCAI0K.

B) LlenTpudyraT HCIONB3YIOT 4JIs1 0OHAPYKEHUs CTPOHIHUA. K pacTBopy 106aBISIOT HACKIICHHBIH

pacTBOp cyinb(ara aMMOHMSI M  HarpeBalOT. B  TNPUCYTCTBMM  CTPOHIMS  BBINAAaeT

MEJIKOKPUCTAINIMIECKAN 0CaI0K CyJIb(paTa CTpoHIHUs 6eoro 1peta. MHorma i BEIAeHus 0CanKa

TpebyeTcs cO31aTh LEHTP KPUCTAIIN3ALMHI — IIOTEPETh CTEKIAHHOM MAI0YKON O CTEHKY ITPOOHUPKH.
Sr**  + S04 >  SrSOs4 | MENKOKPUCTAINIMYECKHH OEIbIi 0camoK

B) Ilocie IOIHOro OTAENCHHS CTPOHIMS IPOBOAAT KadeCTBEHHBIE peakiuy Ha Ca’'.

Ca® + (G047 > (CaCy04] Genplii KpUCTAILIMYECKHH 0CaNOK

Ca®" + Ky[Fe(CN)g] + NHs* = KCaNH4[Fe(CN)s]| + K" 6enblii kprcTauIM4ecKuii ocagoK OpH

HarpeBaHMH 10 KUIIEHHS

1 6amn

1 6amr

1 6amr

Hroro:
3 baiuia

4 | Cranfaaprusanus pacTBopa COJISHON KHCIO0THI

5 6ajuIoB

IIpaBuabHBIH 0TBET (KJII04):

1. ILlenp paboTHI: YCTAHOBHTH TOYHYIO KOHIEHTpanuio pactopa HCI.
CymsocTts MeToja. TOUHYI0 KOHUEHTPALUIO COJIIHOM KUCJIOTHL B PACTBOPE MOXKHO YCTAHOBHUTD C
MOMOIIBI0 MEPBUYHOTO CTaHIapTa — pacTBopa Oypsl. BomHbI pacTBOp OYyphI HOJBepraercs
TU/IPOJIN3Y, B pE3yJbTaTe YETO UMEET ILEJI0YHYIO Cpeay:

Na,B;07+ 7 H,O — 2 Na*+2 OH + 4 H:BOs

PacTtBOp OypHI TUTPYIOT PACTBOPOM COJISTHOM KHCIOTHI IIPSIMBIM CIIOCOOOM, KaK CHIIBHOE OCHOBAHUE
CUWJIBHOM KUCJIOTOM. B mpouecce TUTpoBaHMsI IPOTEKAIOT PEaKLIUU:

Na,B407 + 7 H,O — 2 NaOH + 4 H3;BO;

2 NaOH + 2 HCl — 2 NaCl + 2 H,O

1 6amn




Na,B407+ 2 HCl + 5 H,O — 2 NaCl + 4 H;BOs

W3 cymMapHOTO ypaBHEHHS BUAHO, 9TO f3KB. (Na2B407)= 1/2

B Touke skBuBaneHTHOCTH BenudynHa pH Oymer Hmke 7, T. K. B Pe3yJIbTaTe peaknuu 00pa3yeTcs
6opHas kucnora (pH = 5). [loaToMy miist yCTaHOBICHHSI KOHEYHON TOYKH TUTPOBAHUS UCITOJIB3YIOT
MHJMKAaTOp, KOTOPBIA MEHSET OKpacKy B KuCIOW oOmactw, npu pH Ommskmx k 5. Haubonee
HOIXOAAIINE HHIUKATOPHI B 3TOM

Jl1ana3oHe — METUIIOBBIN KPACHBIM U METUIIOBBII OPAHKEBBIN.

2. OGopynoBaHHe: BEChl TEXHHYECKHE, BEChl aHAIUTHYECKHE, OIOKC C KpBIIIKOM, OlopeTka
00BeMOM 25 MJ1, KOJIOBI MepHBIC ¢ MTPoOKoi 00bemMoM 100 u 250 M1, ko102 KOHUYECKast st
TUTPOBaHUS 00beMOM 50 MJI, MUTIETKH 00beMOoM 5 MiT (TpamyupoBaHHas) U 10 M1, BOPOHKA,
rpylIa, CTakaH AJs CIMBA, TPOMBIBAJIKA.

PeakTuBBI: IeCATHBOIHBIN KPUCTAJUIOTHAPAT TeTpabopaTa HaTpus (Oypa), KHCIOoTa
ConsHas (KOHIEGHTPUPOBAHHEBIN pacTBOp, p = 1,17 r/MiI), HHAWKATOp METWIIOBBIH OpPaHKEBEII
(BomHBIIT pacTBOD).
3. Xopx omnpeneneHusl.
1 [puroropieHne CTaHAAPTHOTO pacTBOpa Oyprl. PacTBOp Oyphl TOTOBAT KaK MEPBUYHBIA CTAHAAPT
C MOJIAPHOW KOHLEeHTparued skBuBajgeHTa 0,05 Monb-3kB/1 B MepHO# Koi0e oobemom 100 mur.
Maccy HaBecku OypHI (I') paCCUMTBIBAIOT O (hOpMYJIE:
m="% M Na2Ba07 10120 V- C=1/2-381,36 - 0,1 - 0,05
Paccunrannyto maccy Oypbl B3BEIIMBAaIOT B OIOKCE CHayaja Ha TEXHHUYECKHX, a 3aTeM Ha
aHATUTHYEeCKNX BecaX. HaBecky mepeHocAT B YHCTYI0 MEpHYIO Koy0y, a Orokc B3pemmBaroT. [1o
Pa3HOCTH HAXOAAT TOYHYIO Maccy Oypbl. B mepHyo komOy mobGaBnsior 1/3 o0béma BOmsl U
MIEPEMEIINBAIOT /10 MOJTHOTO PACTBOPEHUS COJIH.
[Toce 3TOrO pacTBOp JOBOIAT A0 METKH AUCTUIIMPOBAHHON BO#oil. OTcueT BeayT
10 HIKHEMY MeHHCKY. K00y 3akpbIBatoT MpoOKOH 1 MOIHCHIBAIOT.
2 IIpuroroBnenune pactBopa cossiHOM kuciaoThl. CoJsfHas KHUCJIOTa JieTydas, TOYHOH
KOHIIEHTpaIel He ob1agaeT. TOUHY 0 KOHIIEHTPALMIO KUCIIOTHI YCTaHABIMBAIOT 110 CTAaHIAPTHOMY
pactBopy Oypbl, HO cHauanma rotoBiT pacTBop HCl ¢ mnpuOIM3UTENbHON KOHLEHTpAIHen
skBuBajeHTa 0,05 Mosb/i1. [{ns aToro ncnons3yrot pactBop koHieHTpupoanHoit HCl, nmerormuiics
B Jlaboparopuu. Pacuer BeayT 1o gopmyore:
v | M (HCl) -C -V k
(HCD = 1000 -w -p
[110THOCTP KOHIEHTPHPOBAHHOTO PACTBOPA COJITHOI KHCIOTHI 3aMEPSIOT apeoMETPOM B MEPHOM
IWJIMHAPE C COOJIONCHWEM BCEX IIPAaBMJI TEXHUKH OC30IIaCHOCTH, a 3aTeM OIPENEISIOT 0
CIPaBOYHHUKY MAacCOBYIO JIOJIIO.
Paccunranselii 00bEM KOHLIEHTPUPOBAHHOW COJSTHOW KHCIIOTBI OTMEpPSIOT TpalynpOBaHHOMN
MHUIETKOH ¥ IOMEIIAIOT B YUCTYIO MEPHYIO KOJIOY HYXHOTO 00bEMa, MPeIBAPUTENILHO 3a0THEHHYO
Ha Y2 BOJOW. KOHIICHTPUPOBAHHOW COJISTHOM KHCIOTHL. PacTBOp JOBOASAT [0 METKH
JTUCTHWITUPOBaHHOM Bogoi. KosOy 3akphIBalOT MpoOKOii, MepeMeInBaoT 1 MOAMUCHIBAIOT.
3 MeroauKka THUTPOBaHUsS. BIOPETKy MOIOT, ONMOJACKUBAIOT AWCTH/UIMPOBAHHON BOJOM, a 3aTeM
npurotoBieHHbIM pactBopoM HCI. [lanee OropeTKy HamOJNHSIOT 3TUM PAacCTBOPOM BBIILIE HYJIEBOTO
JIeNIeHUsI M YAANSI0T BO3AYX M3 HAKOHEUHHKA M PE3WHOBOH TPyOKHM OIOpPETKH. YCTaHABIMBAIOT
YPOBEHb )KHUAKOCTH HA HYJIEBOM JIEJICHUH (OTCUET BEAYT IO HIDKHEMY MEHHUCKY). B Tpn KoHMYeckne
KOJIOBI MTUTIETKOH OTMEpSAI0T anuKBOTEI — 10 Mi pactBopa Oypbl u m00aBisfOT 1Mo 1-2 Karum
MHJIMKaTOpa METHIJIOBOTO OpaHXeBOro. PacTBop Oypbl OKpammMBaeTCsl MPU 3TOM B JKENITHIN IIBET.
OnmHy u3 K0J0 ¢ pacTBOpoM OypBI CTaBAT IMOJ OIOPETKY Ha JHCT Oenoit Oymaru. PactBop Oyphr
TUTPYIOT COJITHOW KHCJIOTOW, NMpHOAaBisAs ITOCIEIHIOI0 IO KaIUIAM U TTOCTOSHHO IepeMeInBast
JKUJIKOCTH TIaBHBIMH JABIKCHHSAMH KOJIOBI. THUTpOBaHHE MPOBOIAT IO MOMEHTAa CMEHBI XKENTOU
OKpacKH pacTBOpa Ha OpaHXKeByI0. Pe3ynbTaT TUTpoBaHMSA NO OIOpETKE cpa3y 3allMCBHIBAIOT B
71a00paTOPHBIN KypHAJI, YIUTHIBast TOYHOCTH pHUOOpa (11 OIOPETKH ompeenseTcs: Kak MOJI0OBUHA
1eHsl aeneHus, T. €. 0,05 mur). TakuMm xe 00pa3oM TUTPYIOT COJEPKUMOE ABYX OCTABUIUXCS KOJO.
TouHOE TUTPOBaHNKE CIIeTyeT IPOBOIUTE HE MEHEe TpeX pa3. Ecim pa3HuIia B oTcueTax mo OropeTke
MEXIy MapauieIbHBIMU olpeneseHus My mpesbimaeT 0,1 M (00peM ABYX Karesb), TO THTPOBAaHUE
MOBTOPSIOT JI0 TOJYYEHUS] TPEX CXOMSIIMXCS pe3ynbTaroB. Bce pesynbrarsl (B TOM 4HCIE U
HECOBNAAAIOIINE) 3aHOCAT B JIAOOPATOPHBIH JKypHal M BBIYMCISIIOT CpellHee aphU(MeTHYeCcKoe
VHCI, yuutsiBast TOIBKO CXOASIINECS 3HAYCHUS.
4. IlpoBeneHue pacyeToB
MonspHyr0 KOHIIEHTpanuio Oypsl (MOJIB/JI) paCCYUTHIBAIOT I10 B3SATOM HABECKE M, PACTBOPEHHOH B
konoe ooremom VK (100 mi):

1000 -m(Na2B407 -10 H20)

2B407) =
C(NaZB407) = S~ Na2B407 10 H20)VK

MonspHy0 KOHIIEHTPAITHIO YKBUBAJIEHTA (MOTB-3KB/1T) cossiHor kucinotsl CHCI , B tanHOM cityuae
YHCIICHHO paBHYIO MoJisipHOoU KoHIeHTpannu CHCI (tak kak f3kB = 1), onpenensioT mo pe3yasraraM
TUTPOBAHUS COTJIACHO 3aKOHY SKBHBAJICHTOB:

1 6amn

1 6amn

1 6amn

1 6amr




C(Na2B407) - V(Na2B407)
VvV (HCD)

C(HCD) =

rae V(Na2B40O7) — ob6bem anukBOTH pactBopa Oypsbl, paBubiid 10 mut; V(HCI) — cpennmii o0bem
KHCJIOTHI, TOMIEAIINA Ha THTPOBaHKE (MJI).

Hroro:
5 6ayutoB

5 | Onpeaesnenne BpeMeHHOM KeCTKOCTH BO/bI

3 data

IIpaBuABLHBII 0TBET (KJIIOY):

1. Ilenp paboTHI: OMpEeNENHTH COAEpKAaHNE THAPOKApOOHATOB KAJBIUS W MarHus B mpobe

BOZBI (MMOJIB/I).

Cymaocts MeTona. OOmasi ’KeCTKOCTh BOABI OMPENEIACTCS CyMMapHON KOHIIGHTpanueil NOHOB
Kanpluusg U MarHus. IlpencraBnser coboif cyMMy NOCTOSIHHOM (HekapOOHATHOH) M BpeMEHHOI
(xapOonaTHOI) xecTKOCTH. IloCTOsIHHAsE >KECTKOCTh OOYyCJIOBJICHa HAINYMEM KaJIbIIUEBBIX H
MarHUeBBIX COJICH CHUIIBHBIX KUCIIOT (CepHOH, a30THOH, comstHOIN). Ipu kumnsueHnu He ycTpaHseTcs.
BpemenHas jkecTKOCTh BOJBI OOYCIIOBJICHA NPUCYTCTBHEM B HEll TMAPOKapOOHATOB KajbLUs H
MarHusi. OTOT BHJ] JKECTKOCTH MOXKHO YCTPaHMTh ITyT€M KHIISTYEHHS, OTKYJa M B3sUIOCh Ha3BaHUE
«BpeMeHHas. [Ipy KUNSYeHUN TUAPOKApOOHATHI pas3iaralTcs ¢ 00pa30BaHHEM HEPaCTBOPHMBIX
KapOOHATOB, YIJIEKUCIIOTO Ta3a 1 BOABL. BpeMeHHY0 )KeCTKOCTh ONPENEIISAIOT PSIMBIM TUTPOBAaHUEM
BOJBl COJSIHOW KHCJIOTOM, NpPH 3TOM MPOHUCXOJHUT pa3pylIeHHE THIPOKapOOHATOB COTJIACHO
pEeaKIMAM:

Ca(HCOs3), +2 HCI = CaCl, + 2 CO2 1 + 2 H;O,
Mg(HCO:3); + 2 HCl1 = MgCl, + 2 CO; 1 + 2 H20.
W3 ypaBHeHHII BHIHO, YTO CONM BpPEMEHHOW ecTkocTu pearupyior ¢ HClI B momspHOM
cooTHoteHuu 1:2. 910 o3HauaeT, yto fH3kB.(HCI) = 1, a f5kB.(conn) = .
JUIs 4UCIIEHHOTO BBIPQKEHUSI KECTKOCTHU BOJABI YKa3bIBAlOT CYMMAapHYIO KOHIIGHTpAIUIO B Hel
KaTHOHOB KaJIbIMs ¥ MarHus B rpaaycax xectkoctu (°2K). 1 °XK (ycrap. — Mr-sKB/it) COOTBETCTBYET
KOHIIEHTPAIIH [IeJI0YHO3EMEJIBHOTO JIEMEHTA, YHCICHHO paBHOH Y2 ero
MIWIIMMOJIA Ha JUTp. TakuM o0pa3oM, JKECTKOCTh MO CBOEH CyTH 3TO MOJISIpHas KOHIIEHTpAIus
HKBUBAJICHTA.
2. OOopynoBanue: OropeTka o0bemMoM 25 mur, komba MepHas oObemoMm 100 mi, komba
KOHWYECKast AJIs1 THTPOBaHMS 00beMoM 250 M1, BOpOHKA, CTaKaH IS CIIMBA.
PeakTHBBI: BOJa (aHATM3HPYEMBIH PacTBOp), KUCIOTa CONsHAs (CTaHAAPTH30BaHHBIN pacTBop, C=
0,05 MomB/1T), THIUKATOP METHIIOBHIN OpaH)XKeBhIH (BOTHBIN pacTBOD).
3. Xog ompeneneHus. B Tpu xoHmueckne koimObl o6vemMoMm 250 mi otduparor mo 100 mu
HccieyeMon (HampuMep, BOAOIIPOBOIHOMN) BOABI C TOMOIIbIO MEPHOU KOJIOBI. J[00aBIsIOT
B KOXJy10 KOJIOY 10 3 KalIi HHAMKATOpa METHJIOBOTO OPAHKEBOTO U TUTPYIOT PaCTBOPOM
COJISTHOM KHCJIOTHI JI0 TIepexo/ia OKPacky pacTBOpa U3 XKENTOH B OpaHKeBylo. THTpOBaHHe
NPOBOIAT [0 TIOJNyYEHHS TpEeX CXOAALINXCS Ppe3yNbTaToB, KOTOpPHIE 3aHOCAT B
J1a00pATOPHBII KYPHAI U ONMPEICIIAIOT CpeiHee 3HaueHue oobema kuciotel VHCI.
4. Ilposenenue pacueToB. BpemeHnnyo sxecTkocTh Boabl JKBpem (°XK) paccunuTtriBaroT
o hopmyie:
C(HCD) - V(HCD) - 1000

1 6amn

1 6amr

1 Gamn

K Bpem.= vV (HZ0)
HWroro: 3 6amndg
6 | Onpenenenne aMMHaKa B paCTBOpPe COJIH aMMOHUSI 3 6amia
IIpaBuabHBIH OTBET (KJII0Y):
1. ILlens paboter: onpenennuts Maccy NH;3 B mpobe (T). 1 6amn
2. Cymmaocts Metona. ComepikaHue aMMHaKa B COJIIX aMMOHHS HE MOXET OBITh OIpeesiCHO
HEMOCPE/ICTBEHHbIM TUTPOBAHUEM aHAITU3HPYEMOT0 pacTBopa (IpsiMoe TutpoBanue). Jlus
STOW LENH HCIOJIb3YIOT KOCBEHHBIE CIIOCO0bI, HanpuMep obpaTHoe TUTpoBaHue. Criocob
OCHOBaH Ha THUTPOBAaHMM W30BITKA INEJOYH, OCTAaBIICWCS B pacTBOpPe IOCIE
B3auMojeiicTBUs conmu aMMoHus ¢ NaOH. Hampumep, peakmusi paszinoKeHUs XJIOpHUaa
aMMOHHUSI TPOTEKAET NPU HArPEBaHUU COTJIACHO YPAaBHEHUIO:
t
NH4Cl+NaOH - NaCl+ NH; 1+ H20
W30BITOK 1IEN0YH OTTUTPOBBIBAIOT PACTBOPOM COJISIH OM KHCJIOTHI B IPUCYTCTBUU HHAMKATOPA!
NaOH + HCIl » NaCl + H20.
3. OOopynOBaHUE:BECHl TEXHUYECKHE W AHAIUTHYCCKUE, IUTUTA JJCKTPUYECKas, OOKC ¢
KPBIIIKOH, XHMUYECKHE CTaKaHbl (TEPMOCTOWKHE), OI0peTka 00beMoM 25 Mi1, Kosiba MepHast
oosemoM 100 mi, umeTku o6bemMoM 10 vt u 20 M1, K0J10a KOHUYECKas Ul TUTPOBAHHUS 16
A

o0BsemMomM 250 M1, BOPOHKA, TPYIIIA, CTAKAH JJIS CIIMBA, IPOMBIBAJIKA.
PeakTuBBI: XIOpHA aMMOHHS (aHATH3UPYEMOE BEIIECTBO), THAPOKCH HATPUS (CTAaHAAPTH30BAHHBIN
pactBop), C= 0,1 monb/11), kuciota consHas (pacteop, C = 0,1 MoJb/IT), ”HIUKATOP OPOMTUMOIOBEII
CUHMH (BOAHBIN pacTBOp), YHUBEpCaIbHAs HHINKATOPHAS Oymara.
4. Xon onpenencuus. HaBecky xJopuaa aMMOHHUST  KOJIMYECTBEHHO MEPEHOCST




B kos0y Ha 100 my. OOBEeM XHUIKOCTH B KOJIOE MOBOIAT O METKH AUCTHUTMPOBAHHOW BOJOW M
TIIATENILHO TIepeMenuBaloT. B 2-3 TepMOCTOWKHMX CTakaHa BHOCAT NUNETKOW 1o 10 M
nccieryeMoro pactopa M mo 20 M pactBopa ruapokcuna Hatpus. CTakaHbl ¢ pacTBOpaMu
HarpeBaroT Ha 3JIEKTPUYECKON
IUIMTKEe Tpu Temneparype,6mu3koit k 100 °C, no monHoro yapaneHus ammuaka. OOBIYHO 3TO
JIOCTHUTAETCsl MPU UCTIAPEHUH MPUMEPHO IOJIOBHHBI COJEPKUMOro crakaHoB. [lonHoTy ynaneHus
aMMpaKa KOHTPOJIUPYIOT C TOMOIIBIO YHUBEPCAJIbHOW WHIMKATOPHOM OyMmard, CMOYEHHOM
JIACTUIUTUPOBAHHON BOJOM
(npu peiicTBUM mapoB ammMaka Oymara cuHeer). [locie 3aBeplieHHs peakIUMM COAEPKUMOE
CTaKaHOB OXJIAXKIAIOT 0 KOMHATHOM TeMIlepaTypsbl, BHOCAT 10 | Karie GpOMTHMOJIOBOTO CHHETO U
TUTPYIOT PacCTBOPOM COJITHON KHCIIOTHI IO TIEPEeX0a OKPACKH PacTBOpa M3 CHHEH B TPAaBSHHUCTO-
3eneHylo. Eciam pe3ynpTaThl ABYX TUTPOBAHHN aHAIM3HPYEMOTO PAcTBOpa Pa3IMIAOTCS MEXKIY
co0otii 6ompire, yem Ha 0,20 M1, TIPOBOIST TOTIOTHUTENBHBIH ONBIT. ONIpeneNaoT CpeaHee 3HaYCHIE
o0BeMa pacTBOpa KUCIOTH VHcl, TOMISANIEr0 Ha TATPOBAHHUE MIETIOUH.

5. IIpoBeneHue pacueros.
Maccy amMuaka (T') B XJIOpHIe aMMOHHS PaCCUUTHIBAIOT 10 (POpMYyIIe:

(C NaOH-V NaOH—C HCl -VHCD)-M NH3 -V wmk
m (NH3) = v

PaccuuthiBaroT a6COJ’I}OTHyIO 1 OTHOCUTECJIbHYIO IOTPCIIHOCTU

1 Gamn

Hroro: 3 6amid

7 | CTaH}IapTI/BaHl/Iﬂ pacTrBopa nepMaHraHaTa Kajaus

3 bamna

IIpaBuabHbIA 0TBET (KJI04):
1. Ilenp paGoThI: YCTaHOBUTH TOYHYIO KOHIIEHTpanuio pactBopa KMnOg.

CyuiHocTh MeTona. TOuHYI0 KOHIEHTpAallMIO pacTBOpa IIepMaHraHata  Kajius
ycTaHaBIMBalOT yepe3 8—10 mHel mociie ero MpUroTOBIEHUS IO IiaBeneBod kuciaore H2C204 -
2H20 unu okcanaty Hatpus Na2C204 u apyrum BemecTBaM. 3a 3TO BpeMsl IPOUCXOIUT OKUCIEHUE
BOCCTAHOBHUTEJIEH, MPUCYTCTBYIOIINX B JUCTHJUIMPOBAHHON BoJe (IBLIb, CIEABI OPTraHMYECKHX
coenuHEHNH), 1 KoHneHTpaus KMnO4 crabunmusupyercs.

Oxcanmar HaTpus M IIaBeJeBas KHUCIIOTA SBISIIOTCS Hanbosiee yNOOHBIMH yCTaHOBOYHBIMH
BEIIICCTBAMH, TAaK KaK OHH HE TOKCHYHBI U YCTOHIHBEL.

B ocHOBe TUTPOBAHMS JISKUT PEAKIIHS

5 C04+ +2MnOs +16H"=2Mn?" + 8H,0 + 10CO; 1

@DakTopsI SKBUBAJICHTHOCTH IIEPMaHraHaTa U OKcajaTa ONpeIessIOTCs, NCXO S U3 TIOJTypEeaKIIui
MnOys + Se— < Mn?* + 4H,0 = fHxB(Mn0O4 ) =1/5

C04%F -2¢ & 2C0,1 = DBre(C04)=1/2

TutpoBaHue OKcajJaT-HOHOB MEPMAaHTaHATOM Kajusl TMPOBOJAT B CHUJIBHOKHCION cpene To
CIICAYIOIINM NPUIHHAM:

— 00pasyroTcs GeclBeTHBIE HOHBI Mn®", KOTOpBIE HE MEIAIOT (PHKCH-

POBaTh KOHEYHYIO TOUKY TUTPOBAHHUS,

— okHcIHTeNbHAs crmocooHOcTh KMnO4 B KUCTION Cpeie HAMHOTO BEI-

1Ie, 9YeM B HEHTpaIbHOW U cIaboIIeIOuHON cpee:

E Mno4-mmm2+ =1,51 B;  E mnoa-/ Mno2, on-= 0,60 B

Cpena coznaercs n3osiTkoM H,SO4. Henb3st ucnonb3oBats HNO3 u HCI, Tak kak B X NPUCYTCTBUU
MPOTEKAIOT TOO0YHBIE peakluy. PeakIfis B3anMoIeiCTBHS IepMaHTraHaTa Kajus C OKcalaT-HOHAMHU
OTHOCHTCS K THUIy aBTOKaTtaguTHyeckux. OHa KaTalnu3upyeTcs MPOIYKTOM PEakIui — HOHaMH Mn
2*. Ilepsble karmn KMnOy naske B ropsdeM pacTBOPE 0OECHBEYMBAOTCSA OUEHb MEIJIEHHO. B Xo1e
THTPOBAHUs KOHIIEHTpAlMs HMOHOB Mn?' BO3pAacTaeT M CKOPOCTh PEaKIMM yBEIMYUBAETCS.
HarpeBanue THUTpyeMOro pacTBopa CHOCOOCTBYET YBEJIHMUSHHIO CKOPOCTH peakiuu. Kpome Toro,
IOpY HArPEeBAaHUU YBEIUUYUBACTCA BEIMUYMHA CKAyKa TUTPOBAHUS, CII€AOBATEIbHO, IOBBIIIAETCS
TOYHOCTb ONPEAETICHHUS.

TurpoBanue npoBoauTcss 0€3 MHAMKATOPA, TaK KakK BCE NMPOIYKTHI PEakIMy OECIBETHHI M OJHA
mumHAA kamast KMnOs mocne TOYKM SKBHBAJCHTHOCTH IIPHAACT PAacTBOPY COOCTBEHHYIO
MaJIMHOBYIO OKPACKY.

O6opynoBaHHe M PEaKTUBHL: OIOpeTKa, MUMeTka Mopa, KOHHYeCKHe KOJIObI, MepHas K0ji0a, MepHBIi
mrHAp (10-25 mi), anextpudeckas mwutka, ~0,05 H. pactBop KMnO4, nmepBUYHbII cTaHTApTHBIN
pactBop H2C204 min Na,C,04, 2 H. pacTtBOp H2SO4.

Brinonnenue paGoTHI.

3anonHsioT OropeTky pactBopoM KMnO4 1 ycTaHAaBIMBAIOT YPOBEHb JKHIKOCTH Ha Hyne. OTCUeTh
o0beMa NpH TUTPOBAHMM IEPMAaHraHATOM KajJMs LeJiecoO0pa3sHO JeiaTh 110 BEpXHEMY Kparo
MEHHCKA YPOBHS XKHMJKOCTH, TaK KaK HIDKHUI Kpall MEHUCKA HE BUJIEH U3-3a UHTEHCUBHOM OKPacKu
pacTBopa.

[Tomemaror B KOHMYECKyI0 KouIOy Juist TuTpoBanust 10 mi 2 H. pactBopa H,SO4 u Harpesarot, He
Jonyckas 3akunanus. IlnneTkoil 6epyT aMKBOTHYIO YacTh PacTBOPa YCTAaHOBOYHOI'O BELIECTBA U

1 6amn

1 6amn

1 6amn




BHOCSIT B HAIPETHIN PACTBOP CEPHOI KUCIIOTHI (HArPeBaTh U KUISITUTH KUCIIbIE PACTBOPHI OKCAJIATOB
HE CJIe[lyeT, TaKk KaK OHM paziararorcs). [opsduil pacTBOp TUTPYIOT MEPMAaHIaHATOM Kallusl 110
KaIlisiM, SHEPrHYHO nepeMeninBas. Kaxayro cieyronyo Kamio npudaBisiioT TOJIbKO MOCie TOro,
KaK MCYE3HEeT OKPAcKa OT MpebLaAyLieid. TUTPYIOT IepMaHraHATOM JI0 MOSIBJICHUS HE HCUYE3aoliel B
teuenue 30 cekyH c1ab0-pO30BOM OKPACKH.

[lo pe3ynbraTaM THTPOBAHUS PACCUUTHIBAIOT TOYHYIO KOHIICHTPAIIMIO pAcTBOpa IepMaHraHaTa
KaJIusl, MOJIb-2KB/JI.

Hroro: 3 6amid

8 | Cranpaprusanus pactsopa komiiekcona III (Tpusiona B)

3 daiuia

IIpaBUABLHBII OTBET (KJII0OY):

1. Lenb pabGoThl: yCTAaHOBHTh TOYHYIO KOHIIEHTpAIMIO pacTBopa komiuiekcoHa III (Mmoib-

9KB/I).

CymHocts pabotel. OCHOBHBIM Pa0o4nMM pacTBOPOM B KOMILJIEKCOHOMETPHH SIBISAETCS PacTBOP
kommekcona III (BATA, tpunon b). [l ero mpuroToBieHUs NPUMEHSIOT JUHATPUEBYIO COJIb
STHJIEHIHAMUHTETPAYKCYCHON KMCTOThl - NayCioH140sN> - 2H,0 (yenosHo — NaH, Y mim Ho YZ).
OHa JIerKO MONTydYaeTcsi B YUCTOM BHJIE, XOPOIIO PACTBOPHMA B BOJE, PACTBOPHI YCTOHUYMBHI NPH
XpaHeHHH. [Ipu OOBIYHBIX YCIOBHSX mpemapar coaepxur mnpumepHo 0,3% Braru, mosToMy
TUTpOBaHHBIE PacTBOPEI D/ITA MOXHO TOTOBHUTH 10 TOYHOU HaBecke (¢ yaeToM 0,3% H,0). Onnaxo
OOBIYHO €r0 TOYHYI0 KOHIEHTPALHMIO YCTAaHABIMBAIOT MO PAacTBOPY coyM IHMHKA. OmpeneneHue
OCHOBAaHO Ha PEaKUUHU B3auMOJecTBUs KoMmiulekcoHa III ¢ moHaMu 1LMHKa B cpeie aMMHAauyHOrO

Oyodepa:

Zn?  + HMWY* — ZnY* +2H'

B a10i1 peakiuu f 3kB. uHKa 1 KoMIIekcoHa = 1. OTCroja KOHIIGHTPAIUs MOJIIPHOTO SKBHUBAJICHTA
paBHa MoJsipHO#. KoHeuHast Touka TUTPOBaHUS PUKCHPYETCS ¢ MOMOIIBIO HHIMKATOPA IPHOXPOMA
4epHOTo T, KOTOPBI UMEET CUHIOI OKPACKY, a €ro KOMIUIEKC ¢ IUHKOM — JIUJIOBYIO.
2. OOopynoBaHWE W PEaKTHBBI: MEepHas KoiOa, OropeTka, mumeTka Mopa, MepHBIH HWIHHIP
(50-100 ™), xonmueckas konba, 0,05 H. pacTBop KomrmiekcoHa III, kpucTammmdeckwii
ZnS0O4 - 7TH20 (x. 4.), ammuaussnii 0ydep ¢ pH=9, mraukarop spuoxpom uepHbiii T B
cMmecu ¢ NaCl (1 : 100).
3. BrumonHenne pabotel. PaccuuteiBatoT HaBecky comu ZnSO4 - 7H,O, HeoOXomumyro s
npurotoBieHus Tpedyemoro oorema 0,05 H. pacTBopa. B3BemmBaroT ee Ha aHATUTHYECKUX
Becax, MEepPeHOCAT B MEPHYIO KOJOy, pacTBOPSAIOT B BOJIE U JOBOAAT OOBEM JO METKH.
PaccunThIBalOT TOYHYIO KOHIICHTPAIMIO IPUTOTOBICHHOTO pacTBopa (MOJb-3KB/1). B
KoJI0y /U1 TUTPOBAHUSI IEPEHOCST MUTMIETKON aIMKBOTHYIO YaCTh CTAaHAAPTHOTO PacTBOpa
conM IMHKa, nobamisaoT 20-25 mi amMmuauHoro Oydepa M HHIUKATOpP HAa KOHYHKE
mmnarens. Turpyror pactBopom komiekcona III 1o nepexona nuiioBoil OKpacku pacTBopa
B cHHIOK0. [10 pe3ympTaTaM THTPOBAHUSI PACCUUTHIBAIOT TOYHYIO KOHIICHTPAIIUIO PACTBOPA
koMIuiekcona I11, (MoJb-39KB/IT)

m(ZnS04 - 7H20) «

M (ZnS04 - 7H20) ¢ VMKO0./16bI
C (ZnS0O4) ¢V (ZnS04)a
C(Tp.B) =

V(Tp.b)

C (ZnS04) =

1 Gamn

1 6amr

1 6amn

HUtoro: 3 6amid

9 Onpenesienue 3nauenust pH pacTBopa ¢ ucnojb30BaHneM
CTEKJISIHHOTO 3JIEKTPO/Ia

3 damia

IIpaBuabHbI 0TBET (KJ104):

1. ILlenp paGoTel: ompenenuTh 3HaueHHe pH pacTBOpa C HCHONB30BaHHEM CTEKIITHHOTO

AIIEKTPO/IA ¥ TIO MOTYYCHHBIM JAaHHBIM PACCUUTATH KOHIIEHTparuio noHoB H' B pactBope.

Cymuocts pabotel. OmperneneHue KHUCIOTHOCTH pacTBopa (pH) sBisercs BakHOW 3amaueit
OoTpacineBoro asHanus3a. Tak, NpU M3Y4YEHUU KHUCIOTHOCTH MOYB ONpeAeistoT BeauuuHy pH
MOYBEHHOH BHITSOKKH. [loJTydeHHbIE CBEICHNSI YUUTHIBAIOT IIPH BHECEHUH B II0YBY HEOOXOANMBIX
yIOOpeHNUI U MUKPORJIEMEHTOB.
KonmuectBeHHoe onpenenenne BenuunHbl pH pacTBopa MoKeT OBITh OCYIIECTBICHO Pa3IMYHBIMHU
criocobamu. [IpenyiokeHHBI METOJ ONpeNeNieHns] BKIIIOYAeT IPSIMOE IOTEHIIMOMETPHUYECKOe
W3MEpEeHHe C HCIOJIb30BAaHUEM CTEKISTHHOTO 3JEKTpoja (MHIMKATOPHBIH) M XJIOpcepeOpsHOTo
aMeKTpoaa (ANEKTpoa cpaBHEeHUs). CTEKIISTHHBIN 2JIEKTPOJI OTHOCUTCSI K MEMOPaHHBIM DJIEKTPOJIaM
U B pacTtBopax ¢ BenuuunON pH oT 2 10 9 cenexruBer k wony H'. s MOTEHIIMOMETPHUECKOTO
W3MEPEHUs] NCIOIB3YeTCs CHEeUaIbHbIN Mpubop — noHoMmep. DyHkuusa m3meperns pH mo3somser
M3MEPEHHYIO BEIMINHY MTOTEHIHAJIa cpa3y ke IpeoOpa3oBeIBaTh B €AUHHIEI pH.

2. llocyna m o6opynoBaHHE: CTaKaH BMECTHMOCTBIO 150 MII; 3MEKTpOHHBIN HOHOMED;
WHJIMKaTOPHBIM 3JIEKTPOJ] — CTEKISIHHBIN; D3JEKTPOJ CpPaBHEHHS — XJOpcepeOpsHBI,
MarHuTHas MelIajKa.

3. Beimonnenue paboThl:

DJeKTpOobl NPOMBIBAIOT BOAOW M M3JIMUIIKK €€ CHMMaroT (WIbTpOBaNbHON Oymaroi. B crakan
HAJIMBAIOT AHAJU3UPYEMBIl PacTBOp, OMYCKAaIOT B HEro MPONEIep MArHUTHOW MEHIAIKU U

1 Gamn

1 Gamn

1 6amn




MOTPYXKAIOT JEKTPoasl Ha 1-2 cMm. Brumouaror nepeMemnmBanue n nonomep. [lokazanus npudopa
3aMMCHIBAIOT B TAOOPATOPHEIH KypHAI.
Ilo momyuenHo#l BenmnunHe pH paccuuThIBalOT KOHIEHTpanuioo HoHOB H+ B aHanusmpyemom
pacTtBope.

Tak kak pH = —1gCu:, 10, cnenosarensuo, Cuy = 10 PH (Monn/m)

Wroro: 3 6amid

10 CunekTpodoTromMeTpryeckoe onpe/ejeHue NePMaHraHaT-noOHA

3 daiuia

IIpaBuabHBIH OTBET (KJII04):

1. Hemp paGoTel: ompeaenuTh KOHUEHTpanuio MnOs B aHamM3UpPyeMOM  pacTBope
CHEKTPO(POTOMETPUIECKUM METOJIOM I10 BEJIMYNHE KO PHUINEHTA MOJISIPHOTO MOTJIOICHHS.
CymHocts paboThl. KonnuecTBeHHBIH aHaN3 COIEPKaHUs TIEpPMaHTaHAT-HOHA SIBIISIETCS KIIIOUYEBBIM
STaroM OIpeeNeHus HOHOB Mn?', [l aHaIM3MpyeMBIii 00BEKT, comeprkammero Mn?" momsepraror
OKHCIICHHIO TIepcynbhaToM aMMOHHUS. B pesynbraTe moydaeTcst BOJHBIN pacTBOp IEepMaHTaHAT-
noHa. Tak Kak MaKCHMyM TIIOTJIOMICHHS 3TOTO pacTBOpa HAXOAWUTCS B BHIWMOW 0O0IacTH
CHEKTPAIBHOTO JAHWAana30Ha, TO MOXKHO IIPOBOAWTH OIpeAeicHHE IIOOBIM (HOTOMETPHUECKUM
MeToAOM aHanmm3a. B mabopaTopHOil paboTe cozep)kaHHe IepMaHTaHAT-HOHA OMPENEISIOT
cnekTpodoToMeTpudecku. Tak Kak I CIIeKTPO(POTOMETPHISCKIX U3MEPEHHUH HCIIONB3YeTCsl CBET
BBICOKOI CTENEHM MOHOXPOMATHYHOCTH, TO OINpEJEJICHHE KOHLEHTPAlMM BELIECTBA MOYXHO
BBINIOJIHUTH 1O 3akoHy byrepa — JlamGepra — bepa. [Ipu 3ToM HeoOX0oAMMO 3HATh BETUYUHY
KOS(b(bI/IHI/IeHTa MOJIAPHOTO IOIVIOIIEHHUA € MPU AJIMHE BOJIHBI MAaKCUMAJIbHOTO IMOTJIOIICHUA. I[.]'DI
pacdera K03 QHIIEHTa MOJISIPHOTO HOIJIOIIEHHS B TaOOpaTOPHO#H paboTe U3MEPSIOT ONTHYECKYIO
TUIOTHOCTH CTaHAapTHOTO pactBopa KMnO4.

2. Peakrusbl: cranmaptabid 0,0100 M pactBop KMnOy; 2 H. pactBop HoSO4. Iocyna u
obopynoBaHue: MepHBIE KOIOBI BMecTuMocThio 100,0 MII; MUIETKH TpaZyHpOBAaHHBIC
BMECTHMOCTBIO 5,0 MII; MEpHBIH LIIMHAP BMECTHMOCTBIO 5 MI, CIIEKTPO(OTOMETD;
KIOBeTHI JuIiHO# 1,0 cMm.

3. DBrimonHeHne paboThI

IoxaroroBka criektpodoromerpa K padore. CeKTpoGoTOMETp BKIFOYAIOT B CETh M IPOTPEBAIOT
30 MuH.

[IpurotoBnenue pa3daBiIeHHOrO cTaHmapTHoro pactBopa KMnOs4 B MepHyro KoyOy
BMectuMocThi0 100,0 Mt muneTkoit BHOCAT 5,0 M ucxoanoro 0,0100 M pacTtBopa nmepmaHraHata
Kallusi ¥ C TMOMOIIBI0O MEPHOTO IMIMHApA J00aBJIAIOT 5 MIJI pacTBopa CEpHOM KUCIOTHL. O0beM
pacTBOpa JOBOJAT 4O METKU Z[HCTHHHI/IpOBaHHOﬁ BO}IOﬁ 1 TIIATCJIbHO NEPEMEIINBALIOT.
PaccunThiBalOT MOJSIPHYIO KOHICHTPAIMIO HPUTOTOBJICHHOI'O pPacTBOpa IIepMaHraHara Kajus
C(MnOy ), Moub/11, TIO hopMyIIE:

C
C(Mn0O4-) =

cT.p—pa eV cT.p—pa

V MepH. KoJI6bI

IIpuroroBneHue pacTBopa CpaBHEHUs. J[1s1 MPUTOTOBIEHUS pacTBOpa CPaBHEHHS B MEPHYIO KOJIOY
BMectumocteio  100,0 M gobasmstor 5 mu pactBopa H>SOs, moBomsT o0beM O METKH
JUCTWIIUPOBAHHOM BOAOH U TIATENIBHO IEPEMEIINBAIOT.

Honydenne crexTpa nornomeHus. [IpoBoAsT H3MepeHHe ONTHYECKOW IIOTHOCTH pPacTBoOpa
nepMaHraHaTa OTHOCHTEIBHO PacTBOpa CpaBHEHHS B Auarna3one uH BoyH 400-600 HM. Beidupatot
JUIMHY BOJHBI, IIPU KOTOPOH MPOMCXOJUT MAaKCHUMAaJbHOE IOTJIONIEHHE M pacCUUTHIBAIOT &
K03 PHUIUEHT MOJISPHOTO MOTJIOMICHHS 10 (hopMyIIe:

€= C(Mn0O4 —) o1
rae A — onTuveckas MIOTHOCTh NP BEIOpaHHOW utHHE BOMHBI Amax; C(MnQOy4 ) — KOHIIEHTpanus
crargapTHoro pactBopa KMnO4 (Momb/m); | — [umHa KFOBETHI (CM).
[IpoBenenue aHanuza. AHanu3upyeMblit pactBop KMnO4 nomemaior B MmepHyro kosoy (100,0 mu).
K mnonysenHoMmy pactBopy mobamisitor 5 wmi pactBopa H>SOs u  moBOAST [0 METKU
JMUCTWITUPOBAHHOW BOJIOW. 3alOJHAIOT KIOBETY AHAIU3UPYEMBIM PAacTBOPOM M HM3MEPSIOT €ro
ONTHYECKYIO TUIOTHOCTh AX TpPH BBIOpPAHHOW JJIMHE BOJHBI AMax OTHOCHTEIHHO pPacTBOpa
CpaBHEHUSI.
Hcnonp3ys W3MEpEHHYIO BEIUYMHY ONTHYCCKOW IUIOTHOCTH U PAcCYUTAHHOE 3HAYCHHE
KO3 QHIMEHTa MOTJIOMIEHU, HAXOAIT KOHICHTPANWIO MEepMaHraHAT-HOHA B aHAIM3HPYEMOM
pacTtBope
Cx(MnOy’), MOIIB/I:

Ax
CX(MHO4—) = m

1 Gamn

1 6amr

1 6amna

Hroro: 3 6amnd

1 cemecTp

PACCYET BAJJIOB B 1 CEMECTPE

IO TNCHUIIJINHE «<HEOPTAHUYECKASA XUMMUSA»
1 Mmoxysib




Ne Pe3yabTart Bun padotsl / cnocod
(MHAMKATOP) Kpurtepuu onieHuBaHus
1 OIIK-1 JlaboparopHbie pabOTHI-8 12 (1,5 Gamma 3a 1 mabopaTopHyIO
OIIK-2 paboty)
2 OIIK-6 KonrponbHas padora Nel 7*
KonrponbHas padora Ne 2 7
*(8 3ananmii, 3 Bonpoca u 5 3axau; 0,5
0ajnja 3a NpaBWIbHBIIL OTBeT Ha
Bomnpoc u 1 3a NpaBMJIBHO pelIeHHYI0
3ajavy)
3 Brinonsenne nomaiHei paboTsl, 1
4 ITocemaeMocThb 1
5 Pabora Ha 3aHsITHH 2
Hroro: 30
2 MoayJb
Ne PesyabTrar | Bua paéotsl / cnocod
(MHIUKATOP
)
Kpurtepuu ounenuBanus
1 OIIK-1 JlabopaTopHsle paboOTHI - § 12 (1,5 Gamn 3a 1 mabopaTopHyIO
OIIK-2 paboty)
2 OIIK-6 KontpomsHas pabora Ne 4 7*
Konrponbnas padora Ne 5 7
*(8 3apanmii, 3 Bonpoca u 5 3amayq; 0,5
f0aj1a 3a TpaBWJIbHBIH OTBeT Ha
Bonpoc u 1 3a NpaBMJIBHO peLIeHHYI0
3ajauy)
3 BrimonHenue gomaniHei paboTel 1
4 ITocemmaemocTth 1
5 Pabota Ha 3aHATHH 2
Hroro: 30
6 IK3aMeH 40 (4 3ananus B 6usere no 10 6as10B)
Hroro 3a 1 cemectp 100 6as10B
2 cemecTp

PACCYET BAJUUIOB B 2 CEMECTPE
o JUCIHUIIJIMHE «<HEOPTAHUYECKASA XUMUSA»

1 Mmoayab
Ne PesynbsTart Bupn padotsl / cnocod
(unMKaTop) Kputepuu ouennBanus
1 OIIK-1 JlabopatopHbie pabOTHI-6 9 (1,5 Oamma 3a 1 mabopaTopHYyIO
OIIK-2 paboty)
2 OIIK-6 Konrtponsras padora Nel 5+
Kontpomnsnas pabora Ne 2 5
Kontponsnas padora Ne 3 5
*(6 3ananuii, 2 Bonpoca u 4 3a1auu;
0,5 6a/1a 3a MpaBUWIbHLIA OTBET HA
Bonpoc u 1 3a NpaBUWIILHO peLIEeHHYI0
3ajgavy)
3 BrimonHeHne qoMaiHei paboTel, 2
4 [Tocemaemoctsb 1
5 Pabora Ha 3aHsITHH 3
Hroro: 30
2 MoayJb
Ne PesyabTrar | Bua padorsl / cnocod
(MHOUKATOP
)

Kpurepnu onennBanns




1 OIIK-1 JlabopaTopHbie pabOTHI - 8 12 (1,5 Gamn 3a 1 mabopaTtopHyiO
OIIK-2 paborty)

2 OIIK-6 KonrponbsHast padora Ne 4 5*

Konrponbnast padora Ne 5 5

*(6 3ajaHuii, 2 Bonpoca u 4 3ajgauu;
0,5 0ass1a 3a NpaBUJIbLHBIA OTBET HA
Bomnpoc u 1 3a IpaBUJIbHO PellIeHHYI0

3aaavy)
3
Tect (tect coaep:xut 20 Bompocos, 1
NpaBUJIbHBINA 0TBeT -0,15 0a/l1a)
3 Brinonnenue nomaiseil paboThl 2
4 ITocemaeMocTsb 1
5 Pabora Ha 3aHsITHH 2
Hroro: 30
6 IK3aMeH 40 (4 3ananus B 6mitere o 10 6aj110B)
Hroro 3a 1 cemectp 100 6an10B

Bonpocsl K KOJLLIOKBHYMY 0 TeMe «AHAJTUTHYECKHe cBoiicTBa kaTuoHos I u IT rpynm»
(NH*, K*, Na*, Mg?**, Ba?*, Sr**, Ca?")

1. TIlouemy katuoHsl I rpymmel He UMEIOT TPYNIIOBOrO peareHra’?

2. B uem 3akirouyarorcsi 0COOCHHOCTH MOHA MAarHus 10 CPaBHEHHMIO ¢ ApYruMH KatHoHamu | rpynmer? Kak onn

UCTIONB3YIOTCS B X0JI€ aHaIH3a?

Kaxkwue cBoiicTBa umeeT HOH Maruus ¢ noHamu Il rpynms1?

[ouemy nnst oOHAPY)KEHUS KATHOHOB | TpyIIITel HEOOXOAUMO yIANUTh KaTHOHEI 11 rpymme?

Kakue kaTHOHBI | rpynIel MOKHO OTKPBITH IPOOHBIM ITyTeM B cMecH kKaTuoHOB I-1I rpynmn?

Kakasi peakiuss Ha MOHBI aMMOHUs Ooiiee crienn@UYHA: peakuus BbIACICHHS aMMHaka I0J| JeHCTBUEM

1IeJIoUH WK ¢ peakTuBoM Heciepa?

OOHapy)XeHUIO KaKUX KaTHOHOB | rpymmbl MemraeT HOH aMMOHHUSA? (yKa3aTh PEaKINN).

Kak ynanute nons! aMMorua? Kak IpoBepUTh MOJTHOTY yAaleHus?

9. IloyeMy npu TEPMHUYECKOM Pa3I0KEHUH COJICH aMMOHHUS PEKOMEHyeTCs MPHOABIATh KOHIIEHTPUPOBAHHYIO
a30THYIO KHCIIOTY?

10. Kak pasnaraercst mpy NpOKaJINBaHUU XJIOPHJ, HUTPAT, Cynbdat, pocdar, kapooHaT, XpoMaT aMMOHUS?

11. Kaxoe HepacTBOPHMOE COEIMHEHHS OCTACTCS ITPU 00pabOTKH BOOH OCTAaTKa IOCIIE TEPMUUECKOTO yAaICHUS
AMMOHHUMHBIX COJNEN?

12. PactBopsiercss nmu naBoWHOW (ocdaT MarHMs u aMMOHHUS B KucinoTax? Kakwe mpomaykTel oOpas3yroTcs B
3aBUCHMOCTH OT KHCIOTHI?

13. O6Hapy)XeHHUIO KaKuX KaTHOHOB | TpymmbI MemaeT MarHui?

14. Tlouemy peakiuo Kaiusi ¢ KOOATbTUHUTPUTOM HATPHs HEJIb3sl IPOBOAUTD B ILENIOYHOM cpejie?

15. Tlouemy B KauecTBE TPYMIOBOTO peareHTa HCIoNb3yeTcss KapOoHat ammonusa? [lokaxute, dYTO
HCIIOJIb30BaHUE XpoMarTa, Cyabdara, okcanara, pocdara HelenecoodpasHo?

16. ITouemy B mpUCYTCTBHHU COJIeH aMMOHHS He 00pa3yeTcst 0CaloK OCHOBHOI'O KapOOHaTa Maraus?

17. Tlouemy Hy>kKHO IPOBOJUTH OcaxieHNe kapOoHaToB I rpymnmsl npu HarpeBaHnu ( HO HE MPH KUIITYSHUH)?

18. B ueM npu4HMHBI HEMOJIHOTO OcaXAeHUs KapOoHatos Il rpymms! npu neifcTBun kapobonaTa aMmMoHust? KakoBsl
CHOCOObI UX YCTpaHeHHs?

19. MoXHO 7 BMECTO XJIOpHJa AaMMOHHSI HCIIOJIB30BaTh CyJb(aT aMMOHHMSI NPH OCAXIEHHH KaTHOHOB Il
rpynmst?

20. Kak paccuntars 3HaueHue pH momHoro ocaxaenus kapoonatoB Il rpymmsi? ITokaxuTe, 9TO THIAPOOKUCH
MarHusl a 9TUX YCIOBUSAX HE oOpa3yeTrcs.

21. Tlouemy He IPUMEHSIOT KapOOHAT HATPHSA WM KaJIHs B Ka4eCTBE IPYIIIOBOTO peareHTa?

22. Kak nepesectr cyibdatsr Il rpymmsl B kap6oHaTEI? B Kakux ycIOBHAX U TOYeMy HE00X0AHMMa MHOTOKpaTHAs
obpaboTka ocaaka cynsdaToB Il rpynmsr kapOOHATOM HATPHS U HarpeBaHue?

23. Tlouemy cymnbdaT KadblHs PACTBOPUM B COJIX aMMOHHS?

24. B gem pactBopumsl ochatsr II rpynmer? Kakue mpoayKTHI MOMYyYaloTCsl MPH PACTBOPEHUH B PA3TUYHBIX
KHCJIOTaX (XJIOPUCTOBOJOPOIHOM, YKCYCHOI)?

25. Tlouemy B KHCIIOH cpeze Helb3st 0CaANTh ABy3aMelleHHbIe (ocdarsl kKaTnoHs! 11 rpynmst?

26. IloueMy B yKCYCHOKHCIIOH Cpejie U3 CMECH KaTHOHOB Oapusi, CTPOHIMS KaJIbIHS BEIIIaaeT B 0CAJOK TOJIBKO
xpomar 6apusi?
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27. TloueMy mpu neHWCTBUU OMXpoMaTa Kalus Ha pacTBOP COJM OapHs BBITIJAaET 0CAIOK XpoMara oapus?

28. TTouemy xpoMmat O6apus pacTBOPSETCS B YKCYCHOH KUCJIOTE MPU HATPEBaHUM?

29. Kak MOXXHO pacTBOPHUTH XpoMmathl Oapus M cTpoHIusA? Kakue mpoayKThl TOMy4YaroTCsl TPH HArpEBaHWU B
Pa3JIMYHBIX KUCIOTaX (XJIOPUCTOBOAIOPOIHOM, YKCYCHOM)?

30. KakoBbl npu4KHBI OIIMOOK ITPH OOHAPYKEHNU Oapus ¢ GMXPOMAaTOM KajHs B IPUCYTCTBUH CTPOHIINSA?

31. B uem pactBopsitotest okcanatsl 11 rpynmer? Kakne npoaykTsl 00pa3yroTcsi Ipu pacTBOPEHHUU B Pa3IMUHBIX
KHCJIOTaX (XJIOPUCTOBOJOPOIHOM, YKCYCHOI)?

32. Kak marsuii pactBopsieTcs ¢ OKCanaToM aMMOHHUS?

33. Kakue cnoco0bl pa3neneHnst KaTHOHOB I TpyIIbl BBl MOXKETE MPEIIOKUT?

34. Kakue MeToIbI pa3esieHus 1 00HAPYKEHHS KaJbIXs M CTPOHIIHS BBl MOXKETE MPEIIOKUTH?

35. Kaxkue opraHudeckue peareHThl MOKHO HCTIONIB30BATh TS pa3IesieHus U OOHapyKeHHs KaTHOHOB 11 rpymimsr?

36. Kak MOXHO 00BSCHUTH 00pa30BaHNE CTPOHIUS IIPH EHCTBUN TUIICOBOM BOJIBI HA PACTBOP COJIM CTPOHIINA?

37. KakoBbl BO3MO)KHBIE HCTOYHHKHU OIMIHOOK P 0OHAPYKEHUH CTPOHITUS PEAKIHel C THIICOBOW BOJION?

38. Kak pearupyer ¢eppounnaHua Kaius ¢ HOHAMH CTPOHIMUS M KaJbI¥s B MPUCYTCTBHUHM aMMHaka M XJIOpuaa
ammoHmsI? KakoBsI cBOWCTBa (peppormaHiia KaibIus?

39. Yo Taxoe npenBapuUTENbHbIE PEaKIUU?

40. Kakue npeaBapHTesIbHbIE peaKIMi HE0OXOIMMO IPOBECTH NP aHaiIu3e cMecH KaTioHoB | u Il rpynn?

Bonpocs! k KOJUIOKBHYMY 110 TeMe
«AHaJuTH4YecKHe cBoiicTBa kaTHOHOB III rpynnen
1. Paccumnraiite pH momHoro ocaxnenus cyiabdunos I rpymmer. Chopmynupyitre yenosus otaenenus [ rpymmst
ot I u Il rpynm.
2.IMouemy mpu neiictBun (NH4),S B yciaoBusx ocaxmeHust KaTHOHOB 11 TpyIITe! almfOMUHII U XpOM OCaXKIaI0TCS
B BHJIE TUIPOOKHUCEI?
3.Tlouemy ocaxkneHue cynb(UIOB cIEeoyeT MPOBOANTH P HarpesaHun? Kakyio posib UrpaeT XJIOpHI aMMOHUS
TIPU OCAXKICHHUH CYIb(PHUIOB?
4.Kak pacTBOpUTH TpPYOHO pacTBopuMble cynbuael meramuoB Il rpynnei? Hanwmmure ypaBHEeHus
COOTBETCTBYIOIINX PEAKIIUM.
5. Kak ncnonb3ytot siBieHue aM(pOTEPHOCTH NP pa3/ieIeHUH KaTHOHOB?
6. [IpuBenTe NpUMepHI pa3/ielieHN s HOHOB, OCHOBAaHHBIC Ha IIPUMEHEHUH KOMIUIEKCOO0pa30BaHMsL.
7.PaccunTtaiiTe KOHIICHTPAIUIO CYIb(UI-HOHA B pACTBOPE CYIb(puaa aMmMoHus mpu pH=9.
8.IIpu ananuse cmecu noHos AlYY, Cr*', Fe’', Mn?*, Zn?" nelicTByIOT H36LITKOM ILIENOYH U NEPEKUCH BOJOPO.A
npu HarpeBaHuu. UTo ocTaeTcst B pacTBOpe, 4To OyneT B ocagke?
9. O6mmue peakiun katuoHOB 11 rpymIeL.
10. TIpaBmna ocaxxaerus katroHOB 111 rpynme! B BHAE Cynb(OUAOB M THIPOKCHIOB.
11. Pacuert [S*], He0OX0IUMOI ISl OCAKIECHHS Cynmb(uIa IIHHKA.
12. PacueT KOHIIEHTpaIUii HOHOB, 0Opa3yrontixcs B pactBope (NH4)»S.
13. PaBHOBecue B pacTBOpax MajJoOpacTBOPUMBIX SJIEKTPOJIHTOB.
14. @akropel BIMSIOIIME HA pPACTBOPHUMOCTh OCaAKa (BIMSHHE OJHOMMEHHOTO HOHA, MOCTOPOHHHUX
3JIEKTPOIUTOB, pH, KoMIIIEKcO0Opa3zoBaHusl, THAPOIN3A).
15. TocnenoBarenbHOCTh 0Opa30BaHUS OCAIKOB.
16. PacTBOpHMOCTH MaJIOPACTBOPUMBIX COSIMHEHHUH B KHCIIOTAX.
Bonpocs! K KOJUIOKBUYMY
«['paBUMeTpHYeCKHil METO AHAJIM3A)
1. CymuHocTs rpaBUMETPHYECKOTO METO/A.
2. MexaHu3M 00pa30BaHHS OCAIKOB.
3. OtHocuTenbHOE Iepechinienne. Kak oHO CBSI3aHO ¢ YHMCIIOM IIEHTPOB KPHUCTAJUIM3AaLNH, CKOPOCTHIO
KPHUCTAIUTU3aLlNH, Pa3MEPOB KPHUCTAIIIOB
4. OxapakTepu30BaTh yCIOBUS MOTYUCHHS KPUCTAIIMIECKUX OCA/IKOB.
5. Tlouemy ocaxnenue BaSO4 npoBoasT: a) u3 pa30baBleHHBIX PacTBOPOB; 0) B KUCIIOH Cpefe; B) MpH
HarpeBaHWU pPacTBOPOB; I') B NPHUCYTCTBMM cojiell aMMoHUs? MexaHn3m o0pa3oBaHHs aMOP(HBIX
0Ca/IKOB.

6. «["paBUMETPUUECKUI METOI aHATH3a

7. TlpuuuHBI 3aTPSA3HEHUS OCAIKOB: aICOPOIHS, OKKITIO3HS, H30MOP(H3M.

8. AHamuTHYECKHE IIPUEMBI, UCITOJIB3YEMBIC 11 YMCHBIICHU A achop6u1/m " OKKJIFO3UH.
9. ®opma ocaxieHus], TpeOOBaHUS K HEH.

10. I'paBumerpuueckas Gopma, TpeOOBaHMS K HEH.

11. BbiOOp BenMYMHBI HABECKH.

12. Bwi6op ocamurens. KommdecTBo ocagures.

13. Kak BIHSAIOT KOJIMYECTBO IPOMBIBHOM J>KHJOCTH M KPaTHOCTH INPOMBIBaHUS Ha 3(QeKTUBHOCTH
MPOMBIBaHUS?

14. Kaxue pacTBOPUTENHN HCHOIB3YIOT B KA4€CTBE MPOMBIBHOM XHUIKOCTH. [IprBecTn mpumep.

15. dakrop mepecyera, ero GU3NIECKUI CMBICTI.

16. Kakywo comp 6apusi — Ba(NO3),, BaBr, , BaCl, wmu Ba(ClOs),- nenecoobpa3Ho HCIONB30BaTh B
KadecTBE OCaJANTEIIS I ToNTydeHus Hanbomee grctoro ocagka BaSO4? OOBsACHUTE IOUEMY.

17. Bynet nu pe3yibTaT onpeeseHnus xejesa 1mo meroauke — ocaxaenue Fe(OH)s u B3semmuBanne Fe O3
— 3aBBILIEH, 3aHKEH WY NIPaBUJICH B IIEPEUMCIICHHBIX CIyYasX: a) OCAXAECHHE BEIN U3 pa30aBICHHBIX
pacTBOpOB IpH KOMHaTHOHM Temmneparype; 6) ocagok Fe(OH)s ocraBuim HactauBaThCsi C MAaTOYHBIM




pacTBOpoOM; B) B pacTBOPE MPHCYTCTBOBAIN (TOPHL - HOHEI F'; T) B pacTBOpE MPHUCYTCTBOBAIN HOHBI
A¥*; 1) ocanox Fe(OH); npoMBIIH YKCTON BOMOM BMECTO PacTBOPa, COAEPIKALIETO COIb AMMOHUS U
amMMuaK?
18. B cymnoctb Meroaa aexkanTanuu? C Kakoi Leb0 UCIIOIB3YIOT IPOMBIBAHHE STUM METOAOM?
19. Kakue ycnoBust HEOOXOJUMO CO31aTh AJIsL KOATYJISIMU KOJUIOMIHBIX pacTBopoB? K kakuMm ommnbkam
rPaBUMETPHYECKOTO ONPE/ICIICHHS] MOYKET IPUBECTH 00pa3oBaHKe KOJUIOMIHBIX pacTBopoB? [IpuBectn
MPUMEPBL.
20. Yro Takoe mentuzanus ocagka? Kax npemorsparuts nentusammio ocanakos (Fe(OH)s, AgCl) npu ux
MPOMBIBaHUU?
2]1. B kakoMm ciyyae moTepu npu npombiBanum ocamka CaCOs: a) 100mm Bomer; 6) 100mm 0,1M
(NH4)2C204; B) 500Mi1 BoBI OyAyT HAMOOJBIIUMHI U B KAKOM — HAMMEHBIITUMU?
22. Hawubonee pacpocTpaHeHHBIE OpraHMYECKIE OCATUTEeNH. VX IpenMyIecTsa.
23. Heopranuueckue ocaguTelnu.
24. TlpuBecTH IpUMEPHI Pa3IeICHUI HOHOB 3a CUET KOMIUIEKCOOOpa30BaHUS.
25. B uem CyIHOCTb OCaXACHUS C KOJIEKTOPOM.
26. PazneneHue HOHOB METOAOM SKCTPAKLIUU.
27. Xpomarorpadudyeckue METOIbI pa3ieiCHUE
- MOHOOOMEHHas Xpomarorpadus
- pacnpenenuTenbHas XxpoMarorpadus
- ajicopOIOHHas XpoMaTorpadust
- ocamoyHas XxpoMarorpadus — ra30KUIKOCTHAs XpoMaTorpadus
28. Brruncnuts wHTEpBaN 3Ha4eHUS pH pacTBopa B KOTOpOM oOecrieunBaeTCs KOJIMISCTBEHHOE Pa3/ieiicHuEe B BUIC
rugpokcunos: a) Fe3™ or Mg?'; 6) AI** or Mg?" B) Ni** or Mg?' r) Fe3* ot Ca®" o) AI** ot Ca?"

Bonpochl K KOJJIOKBHYMY

«OKHCIUTETHHO — BOCCTAHOBHTEIbHBIE PeAKIHID

1.CranapTHBI MOTaHLIMAJ OKHCIMTEIbHO-BOCCTAHOBUTEIBHON CHUCTEMBI. @DaxkTOpsl  BIMAIOUINE Ha
Bennuuny E°.

2.Hampasnenne OBP. Kak onpenenuTs HampaBieHHE peaklUH, 3Has CTaHIApTHBIC MOTEHIIUAIBI COOTBETCTBYIOLINX
nap.

3.Iloctpoenue kpuBoii OB TutpoBanus. OT 4ero 3aBUCUT BUJ KPUBBIX U CKAYEK TUTPOBAHHUSL.

4. PacyeT MOTEHIIMAJIOB B TOYKE 3KBUBAJICHTHOCTH.

5. Kitaccuduxamust METO10B OKHCINTEIbHO-BOCCTAHOBUTEIILHOTO THTPOBAHHUSI, 00JIaCTh TPUMECHEHHS.

6. lnnukarops! pen-okc TuTpoBaHus. MIHTepBan nepexona okpacku. OT uero 3aBUCAT UX nokazanus? Kak nogOuparor
HHAMKATOphl. BennduHa ckauka TutpoBaHus coctasuia 0,84-1,02. Kakue HHAMKATOPEI MOKHO HCIOIB30BATh B 3TOM
ciayyae?

7. YcTaHOBOYHBIE BEIIECTBA B PENOKCTUTpoBaHUH. OXapaKTepuU3yWTe CBOWCTBA YCTAHOBOYHBIX BEHIECTB B
MEPMaHTaHATOMETPUH, HOJOMETPUH, XPOMOMETPHH.

8. Ilepmanranaromerpus. CyIIHOCTh METOAA.

9. CranmapTHBIE pacTBOPHI B IepMaHraHaTOMETpuH. Kak TOTOBS U XpaHAT TUTpoBaHHBINA pacTBop KMnO,4. Hammmumre
ypaBHEHH peakuuu pa3inoxkeHuss KMnOy : 4TO COOTBETCTBYET €€ IPOTEKaHUI0?

10. ITepmaHraHaTOMETpHUUECKOE OTIPEIeJIEHIE OKUCIUTENEH U BOCCTAHOBUTENEH: YCIOBHSA, IPUMEPHI — OOBACHUTE C
TOYKHU 3pEHUS YBEIMUYCHUS PEeaTbHOM Pa3HOCTH MOTEHIIMAIOB.

11. [lepMaHTraHATOMETPHUYECKOE OIIPEEIICHHUE KEIE3a.

Metonpl mpenBaputensHOoro BoccTaHoBieHuss Fe (III). KakoBa pomp cmecm Iunepmana-Pefinrapnra mpu
MEPMaHTaHATOMETPHUUECKOM OIPEIEIICHUH B COISTHOKUCIION cpere.

12. Kak OOBACHSIOT YCIOBHSA IEPMaHTaHATOMETPHUECKUX OIpeNelieHui: HarpeBaHme m0 80°, MeIIeHHOe
NIpu0OaBIIeHNE TUTPAHTA, BEICOKAst KHUCIOTHOCTb.

13. Monomerpusi. OG1ias XapakTepHCTHKA METOA. Y CII0BHS HOIOMETPHUIECKHX ONpe/ieseHHit. [IpuBeuTe ypaBHEHHs
COOTBETCTBYIOILIUX PEAKIIUM.

14. Paboune pacTBOphI B HomomeTpuu. IIpuroromieHue, craHmapTu3alus U XpaHeHHe pacTBopoB NaxS;03 u I,
Wnpnkatop. [logemy npu ilogoMeTpuaecKoM ONpeAeTICHHN PACTBOPHI OTCTAaUBAIOT HEKOTOPOE BPEMS B TEMHOTE, 3aTEM
TUTPYIOT IO COJIOMEHHO-KEJITOTO I[BETA U TOJIFKO ITOTOM JTOOABIAIOT Kpaxman?

15. Vomomerpuueckoe onpesenerne cyabhuaoB. [louemMy MeTo 06paTHOrO THTPOBAHHS TPEANIOUTHTEILHEE METOIA
MIPSIMOTO TUTPOBAHHUSA?

16. Hopomerprueckoe ONpeeleHHe OKHUCIHTENEH H BOCCTAHOBHTENEH: Cy/Ib(QHUTOB, Cylb(OHUIOB, XPOMATOB,
apCceHaToB, HUTPATOB. Y CIIOBUS PEAIbHOIO YBEIMUYEHHS PA3HOCTU IOTEHIIUANIOB.

17. bpomaTtomerpusi. [Ipumepsl OpoMaTOMETPUUECKHX OTIPEIeIICHHH.

18. Xpomaromerpus. Onpenenenns xene3a. B kakux yclnoBusix TudeHMIaMiH He AaeT OUIMOKH B KOHEYHOW TOUKH
TUTPOBAHHUS.

19. CxkopoCTb U MEXaHU3M OKUCIUTEIBHO-BOCCTAHOBUTENIBHBIX peakiuil Ha mpumepe B3auMmopencTBuss KMnOy ¢
OKCaslaToM.

20.KaTanuTU4eCKHE OKHUCIUTENBHO-BOCCTAHOBUTENbHEIE peakuun. Kakosa pons Mn?* B mepMaHTaHaTHOM
OKHCITUTEIIFHOM TUTPOBAHHU.

21. ConpspkeHHBIE OKHCIUTEIbHO-BOCCTAHOBUTENBHBIE PeaKuy, (hakTop MHAYKINH. Kak 00BACHUT TOT (aKT, 4TO
B TPUCYTCTBMM Mn?' He UIET CONPSIKEHHAs PEaKUus OKHWCIEHHS XJIOPUIOB NPH MEPMAHTaHATOMETPHYECKHKOM
OnpeesieHnu xene3a’?

22. IIpeioxkuTe METOIbI ONPEICIICHHS KaIbLUsI(BECOBOH, KHCIOTHO-OCHOBHOE U PEIOKCTUTPOBAHHE, XEJIIOTOMETPHS).




23. Pen-oxc metoas! onpeaenenus Fe(IT)(1).

24. MeTtoapl onpeesieHUs] HATPUTOB.

25. NonomeTrpuyeckoe omnpezeneHne Meau. YeM BBI3BaHO NMPOTEKaHWE PEaKIUH B Hy>KHOM HallpaBICHIN?

26. KakuM 13 pei-OKC METOJIOB U MPU KAKOM COOTHOIICHUH PEAareHTOB MOXKHO OIPEICIIUTh COJCPKAHUE KUCIOTHI B
pactBope?

[IIkana oneHNBaHNUS BBHINOJHEHUS] HHANKATOPOB:

WuaukaTtop cUMTaeTCsl BBIOJHCHHBIM, SCITU JIMOO BO BpeMsl TEKYIICH, 100 MPOMEKYTOUHOM aTTECTAIlMH CTYACHT
HaOpaJl KaKk MHHAMYM [OpPOTOBOE KOJIMYECTBO OAJJIOB 3a TE€ BHJBI AKTUBHOCTH, KOTOPHIC OTBEUYAIOT 3a IAHHBIN
UHJIAKATOP.

1-ii cemecTp

MpomexKyTouHaa
TeKyw,an atrecraymua
Ne WMHpgukartop atTectayma (3k3ameH)
MNopor Makcmmym MNopor Makcmym
1 OnNnK-1.2 20 60 20 40
OnkK-2.1
OnNnK-2.3
OnNnK-6.1
2-ii cemecTp
MpomexKyTouHaa
TeKywan aTrecrayua
Ne WMHpgukatop aTtTectayma (3k3ameH)
Mopor MaKkcumym Mopor MaKkcumym
1 OnkK-1.1 20 60 20 40
OnK-2.1
OnNnK-2.3
OnNnK-6.1

Ixana n KPUTEPUH BBICTABJCHUSA OUECHOK 32 TUCHUILIMHY:

IlIkana u KPUTCPUU BBICTABJICHUSA OLICHOK «OTJIMYHO», «XOPOII0», «YAOBJICTBOPUTECIHLHO» U KHCYAOBJICTBOPUTECIILHO»
OIMMCaHbI B JIOKAJILHOM HOpMaTI/IBHOI\/‘I AOKYMCEHTAalluu TBepCKOI‘O TOCyJapCTBEHHOI'0 YHUBCPCUTCTA (HOJ’IO)K@HI/Ie (6]
peﬁTHHFOBOﬁ CHUCTEME O6y‘IGHI/I$I CTYACHTOB TBFY) [TomoxxurenpHas OIICHKA MOXET OBITh BEICTaBJICHA TOJIEKO B TOM
cJlydac, €CJIN BbIITOJIHCHBI BCC NMHIUKATOPLI.

5.2. OueHoYHbIe MAaTepHAJIbI UISI TPOBeJeHHUs] IPOMEKYTOYHOM aTTeCTaluu

Ilepeuenv mem u 60npocos 0iist IK3AMeHA

AnanuTtnueckas xumus. Buasl ananusza. Ctagun xumudeckoro aHanu3a. OCHOBHBIE XapaKTEPUCTUKH METOJ0B
aHanu3a. AGCONIIOTHBIE U OTHOCHUTENIbHBIE METO/Ibl. BE1O0p MeTona ananm3a. CriocoObl NOBBIIIEHHS YyBCTBUTEILHOCTH
M N30MpaTeIbHOCTH METOA0B. ABTOMATH3aLMs aHAIIH3A.

Kucnomno-ocnosuvie peaxyuu. Ilporonutudeckas TeopHs KHUCIOT W OCHOBaHUWI. PaBHOBecue B cucreme:
KHCJIOTa — COMNpPSDKEHHOE OCHOBAHUE — pAcTBOPUTENb. KOHCTaHTBI KUCIOTHOCTH, OCHOBHOCTH, aBTONPOTOJIU3A.
Hugenupytomuii u nuddepenunpyronuii agdexts pacTBopuTes.

Peakyuu komnnexcoobpazoganus. Tunbl U CBOWCTBA KOMIUIEKCHBIX COCJUHEHHH, HCIONb3YEMBIX B
aHanmuTH4Yeckoi  xuMuu. KoJgnuecTBeHHAs XapaKTepUCTHKAa pEakIid  KOMIUIEKCOOOpa3OBaHMA: KOHCTAaHTa
ycroiunBocT. Ctynendyaroe KommiekcoobpasoBanue. Vcrnonb3oBaHHe KOMIUIEKCHBIX COSIMHEHHN AT pa3/iesicHus,
KOHIIEHTPUPOBAHUS, MACKHPOBAHNUS, OOHAPYKEHUS, OIPEICTICHUS JIEMEHTOB.

Opzaanuyeckue peazenmsl B XUMUIECKOM aHanu3e. OyHKIMOHAIBHO-aHAIUTHIECKUE U aHATUTUKO-aKTHBHBIE
rpynnsl. BausHue ctpoeHust MoJleKyIbl Ha CBOMCTBa peareHTa. I[[puMeHeHne opraHn4eckux peareHToB B aHAJIN3E.

OKrucaumenbHo-60CCmMano8umenvHble peakyuy B aHAIMTHYeCKOW xumuu. OOparnmble W HeoOpaTHMBbIe
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIE CUCTEMBI U UX NOTEHIManbl. YpaBHeHue Hepucrta. CraHmapTHBIM M peanbHbIN
OKHCIIUTEIbHO-BOCCTAHOBUTEIBbHBIE NOTEHIIMANBL. HanpaBieHne OKUCINTEbHO-BOCCTAHOBUTENIbHBIX PEAKIIMA.

Peaxyuu ocasxcoenus B ananutndeckoil xummun. KoncranTel paBHOBecHs peakuuii ocaxeHus. PactBopuMocth
ocankoB. DakTopsl, BIUSIONINE Ha pacTBopuMocTb. OOpazoBanue ocankoB. Kpucranmudeckue u amopdHbIE OCagKy,
ycnoBust ocaxjeHus. IIpuumHBI 3arpsA3HEHHS OCAJKOB: COBMECTHOE OC@KAEHHE, COOCAXKIEHHE, IOCIEAYIOIIee
ocaxeHne. Buapl coocaxxnerns. [IpuéMel, ciocoOCTBYIOIIIE MOTYIEHUIO YHCTHIX OCAKOB.

MGTO}IH pPasacJICHus u KOHIICHTPUPOBAHUA. OCHOBBI OKCTpAaKIMU KakKk METoJa pPas3ACICHUA U
KoHIeHTpupoBaHusi. KoHcTranTa pacnpeneneHus, kodpouiment pacmpeneneHus. Koncranta skcrpakmuu. Dakrop
pa3mencHus. YCIOBUS JKCTPAKIMKM HEOPTaHWYECKHMX M OPraHWYECKWX CcoeAnHeHWH. llpakTmdueckoe NpUMEHEHHE
SKCTPaKLUU.

Metoabl pasfeneHuss 3JIEMEHTOB, OCHOBAHHBIE HA OCaXACHUM HEOPraHMYECKUMHM U OpPraHMYeCKHUMH
pearenTamu. Mcrnonb30BaHUE COOCAXKICHUS AN KOHIEHTPUPOBAHUS MUKPOKOMIIOHEHTOB. Heopranmueckue u
OpPraHUYECKUE KOJIEKTOPBI.

Xpomamoepaghuueckue memoowl. [TpuHumNb! ¥ K1accuukanys. XpoMaTorpaMMbl U CIIOCOOBI UX MOJTY4EHHS.




OCHOBHBIE TECOPETHYECKHE IOJOXKEHHS U XapaKTepHCTHKH MeTonoB. lazoBas xpomatorpadus. OCHOBHBIE
TEOPETHYECKNE TOJOXKEHUs. TpeOoBaHMS K CTalMOHAPHBIM M MOABIXHBIM (a3aM. I[IpuMmepsl mHpakTH4ECKOTro
npuMmeHenns. onooOMenHass xpomarorpadus. BeicokoddhdexrnBHass nonHass xpomarorpadus. [IpHHIUIIEI METOIOB.
[Ipumeps! mpakTHYecKOro NpuMeHeHus. bymaxkHass ¥ TOHKOCIOIHAs XpoMarorpadus, UX OCHOBHBIC TEOPETUUECKHE
nosnoxeHus. TpeOoBaHuUs K CTALMOHAPHBIM M NOABMXHBEIM (ha3aM. [IpuMephl MpakTHIEeCcKOro NpUMEHEHHUS.

I'paBumerpuyeckue metospl. CymuocTs. Ocaxknaemas U rpaBuMeTpudeckas popMel. [Ipumepsl npakTHYECKOro
NPUMEHEHHSI.

Tutpumerpuyeckue MeToabl. CiocoOb! YCTAHOBIEHUS! KOHEUHOW TOYKU TUTPOBAHUS.

Kucnomno-ocnoenoe mumposeanue. Kpussle tTutpoBanus. KuciorHo-ocHoBHbIE MHAUKATOpHL. Ilorpemuoctu
METO0/1a KUCJIIOTHO-OCHOBHOT'O TUTPOBaHUs. TUTpOBaHUE cMeCEN KUCIIOT U OCHOBaHUM. TUTpOBaHME B HEBOJIHBIX CPEAAX.

Komnaexconomempuueckoe mumposanue. IlpenMyiiecTBa aMHHONOINKaPOOHOBBIX KHCIIOT TEped APYTHMHU
OpPTaHWYIECKUMH TUTPaHTaMH. MeTaluIoXpOMHBIE MHIUKATOPHI, TpeOoBaHUs K HUM. CrocoObl THTpOBaHUS (IIPSIMOH,
0oOpaTHBIN, BBITECHUTEIBHBINH, KOCBEHHBIN). IIpakTHueckoe NpHUMEHEHHE KOMIUIEKCOHOMETPUYECKOTO THUTPOBAHHMS
(ompeneneHre MOHOB KaJIbIH, MarHusL, )KeJe3a).

Okucaumenvro-eoccmanogumensroe mumpoganue. OaKTOps, BIMAIONINE HA BEIMYNHY CKadyKa MOTCHIIMANA,
CHocOObl OOHApyKeHHs KOHEYHOW TOUYKM THUTpoBaHus. IlepmaHraHaroMmerpuyeckoe, OHUXpOMAaTOMETPHUYECKOE,
MOZIOMETPUYECKOe TUTpoBaHHe. [lepBuuHBIE M BTOpWYHBIC cTaHAapThl. MHaukatopsl. I[Ipumepsl NpakTHYECKOTO
NPUMEHEHHSI.

DnekTpoxuMuyeckue  Meronbl. [lpupoma  aHamuTmueckoro — curHaia.  Kiaccudukamms — MeETOMOB.
OnexTpoxuMudeckas sueiika. MHIuKaTOpHbIE IEKTPOABI U 3IEKTPOIbI CPAaBHEHHUS.

Tomenyuomempus. PaBHOBecHBIH noTeHran. CriocoOsl n3MepeHus moTeHnuana. IIpsamas moTeHnHOMETpHH.
WnnukaropHsle snekTpoapl. Knaccudukamyus HMOHOCENEKTHBHBIX 3JEKTPOAOB. XapaKTEPUCTHKH HOHOCEIEKTUBHBIX
3MEKTPOJOB: uIeKTpoaHas (yHKIus, KoddduuueHT cenekTuBHOCTH, Bpems oTkinka. CrocoObl ompeneneHus
ko3¢ ¢punnenTa ceneKTUBHOCTH. CrocoObI MPSMBIX IMOTEHIMOMETPHUYECKHX M3MepeHuH. [IpakTiueckoe MpUMEHEHHUE
noHoMerpuu: onpeneneuue pH, pF, pNOs.

[Morenmmomerpuaeckoe TuTpoBanue. O0Ias xapakrepucTuka Metoa. CriocoObl HaX0XKICHHUSI KOHEYHON TOUKH
TUTpoBaHUA. VIHINKAaTOPHBIE 3JEKTPO/IBI B KUCIOTHO-OCHOBHOM, OKHCIUTEIbHO-BOCCTAHOBUTEIHHOM U OCAIUTEIBHOM
TUTPOBAHUU.

Kynonomempusa. 3axonst @apanes. [Ipsmas kygoHOMeTpHsa. YCIOBHS NOTEHIMOMETPHUYECKUX H3MEPEHHIA:
noctiokeHne 100%-Horo BbIXOJAa IO TOKY; HW3MEpEHHE KOJMYECTBA JJIEKTPUYECTBA; OINpeNeeHue KOHIa
9NEKTPOXUMUYECKOU PEAKIUU.

KyHOHOMeTpI/I‘IeCKOC TUTPOBAHUC. HpI/IMepI)I OIMPCACIICHUA DJICKTPOAKTUBHBIX U 3JICKTPOHCAKTUBHBIX BCUICCTB.
DJeKTpOreHepUPOBAHHBIC KYJIOHOMETPHUECKHE TUTPAHTHI. Y CIIOBHS THTpoBaHUA: obecrieueHrne 100%-Horo BpIXoa MO
TOKY; W3MEpPEHHE KOJIMYECTBA 3JCKTPUYECTBA; ONpENEICHHE KOHIA XUMHYECKOW peakimu. I[IpemMymiectBa mepen
JPYTUMHU TUTPUMETPUUCCKIMHU METOAAMH.

Boremamnepomempus. OcnoBbl MeToia. OCOOEHHOCTH 3IIEKTPOXUMHIECKON sTUeiKH. TeopeTnieckue OCHOBBI
KJaccudeckoi mnomsporpaduu. XapakTepucTUKu moisiporpaMMbl. IloTeHiman momyBonHbl. [ud(dy3HOHHBINH TOK.
VYpaeuenue Mnbpkosmya. [IpakTmyeckoe mpumeHeHne nossiporpaduu. KadectBenusii ananmu3. Ilomsporpadudeckuit
cnexTp. KonmmuecTBennsli aHanm3. CriocoObl oIpeeNieHus KOHIIGHTPAIMK BellecTBa. BO3MOXHOCTH U OTpaHUYEHUS
MeToAA.

AmnepoMeTpUdeckoe TUTpOBaHHE. BBIOOp yCIOBHH aMIepOMETPHYECKOTO THUTPOBAHHS. BHABI KpHBBIX
TUTpOBaHus. IIpuMepsl MPAKTUUECKOrO NPUMEHEHUS.

CHeKTpOCKONMYECKHe METONbl. BakHeHIne XapaKTepUCTHKH CHEKTPANbHBIX JHHUHA (TIOJNOXKEHHe,
MHTEHCUBHOCTb, IIHPHHA). ATOMHBIE M MOJEKYJSIDHBIE CIIEKTPHl. B3anMMOCBS3b OCHOBHBIX XapaKTEPHCTHK
CHEKTPAIGHBIX JIMHUN C IPUPOJION M KOJMIECTBOM BEIIECTBA (KAYECTBEHHBIN U KOJIMYECTBEHHBIH aHAIN3).

Cnexmpogomomempuueckuii memoo. OCHOBHOH 3aKOH IIOTJIOIIEHHUS JJIEKTPOMArHUTHOTO M3ITyYeHHUS.
Monsapasiii ko3¢ dunuenT mnornomieHus. IlpuMmeHeHne MeToAa AN ONpENeNeHHS KOHIEHTPALMH  BEIIECTB.
YyBCTBUTENBEHOCTD U CEIEKTUBHOCTD METO/Ia. BEIOOp ONTUMAIBHBIX YCIIOBHH MPOBEICHNS (POTOMETPUUECKUX PEAKIIHH.
WHtepBan ompenensieMblXx ONTHYECKHMX IUIOTHOCTEH. Metox nuddepeHnnansHoil  crieKTpoOTOMETPHH, €ro
BO3MOXKHOCTH U niperMyiiecTBa. CriekTpooTOMETpHUECKHE METO/IbI H3yUYESHHUS PaBHOBECHH B pacTBopax. OnpeeneHne
KOHCTAaHT KMCJIOTHOM IUCCOLMALIMYA OPraHUYECKUX COCIUHEHUMN.

MNPUJIOKEHME 3

6. YAEBHO-METOJNYECKOE 1 THOOPMALIMOHHOE OBECIIEYEHUE JUCOUILTAHBI
(MOJTYJIST)

6.1. PexomeHnayemasi JuTeparypa

a) OcHoBHAas JUTepaTypa:

1. Ananutudeckas xumus. YueOnuk / Mosuan H.U., Pomanosa P.I'., 'opbynosa T.C. u np. -
M.: HALl UTH®PA-M, 2016. - 394 c. - DnekTpoHHBII pecypc. — Pexxum nocryna:
http://znanium.com/go.php?id=431581

2. AmnanuTtudeckas XuMus [ DIEKTPOHHBIN pecypc]: yuebHoe nocodue/ O.b. Kykuna [u ap.].—
ONEeKTPOH. TEKCTOBble  JaHHble.—  Boponex: BopoHexckuil rocyaapcTBEHHBIN
ApXUTEKTYpHO-CTpouTeNbHbIN yHUBepcutet, ObC ACB, 2014.— 162 ¢.— Pexum gocryna:
http://www.iprbookshop.ru/30833.html.— 3BC «IPRbooks»
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0) lonosiHuTEILHAS JIMTEPaTypa:

1.

AHanmuTrueckast XuMHus [ DIeKTPOHHBIN pecypc]: COOpHHUK JTab0paTOPHBIX paboT I CTYJEHTOB
TEXHUYECKUX HAMpaBICHUI JTHEBHON M 3a04HON (GopM oOyueHUsi/ — DJNEKTPOH. TEKCTOBBIC
nanabie.— HoBocubupck: HoBocuOWMpCKkHii TOCYIapCTBEHHBIH TEXHUYECKUM YHUBEPCHUTET,
2014.— 62 c.— Pexum goctymna: http://www.iprbookshop.ru/45072.html.

2. Tpudonora A.H. Ananutndeckas Xumus [ DIEKTPOHHBIA pecypc]: 1a00paTOPHBINA MPAKTUKYM.
Yyebnoe nocodue/ Tpudonoa A.H., MenscutoBa M.B.— DNEKTpOH. TEKCTOBBIC JaHHBIC.—
MuHCcK: Brimmiinias IIKOJIA, 2013.— 161 c.— Pexum JlocTyna:
http://www.iprbookshop.ru/24051.html

MNMPUJIOKEHUE 4
9. CBeieHusi 00 00HOBJIEHUH padoyeil NPOrpaMMbl AUCHUILIMHBI (MM MOAYJISA)
OOHOBNIECHHBIN pa3aen
. Ornrcanne BHECEHHBIX PekBU3UTHI TOKyMEHTA,
Ner.m. paboueii mporpaMmMbl N
U3MEHEHUN YTBEPAUBILIETO U3MEHEHUS

JTUCHUATITAHBI (MOJTYJIs1)
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